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PREFACE. 

The book n»LS been written with a view to supply 
the want of a treatise with an elementary treatment of 
the allied subjects of Practical Geometry, Mensuration 
and Chain Surveying. 

The author acknowledges the help he has received 
from Mr. S. Deb Gupta of the Pabna Technical School. 
He also acknowledges that the Mensuration exercises 
have been chosen from various Examination Papers, 
set in India, admirably collected in Pierpoint’s 
Mensuration. 


A. N. Sen 
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MENSURATION AND SURVEYING 

(Including Plane Practical Geometry) 
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SECTION 1. . 

INTBODUCTORY. 

Definitions and Propositions of Geometry. Tables of 
length, area and volume. Formulae. 

1. Mensuration deals with the methods of estimating 
lengths, areas and volumes, by the practical use 
and application of the rules and formulae derived from 
Geometry, Trigonometry ^ind other branches of mathe- 
matics. The proofs of these rules and formulae are, 
however, not C9nsidered to be within the scope of the 
subject as treated here, and only the simplest cases have 
been discussed. The definitions of quantities and the 
more important propositions of Geometry, tables of 
units of length, area and volume and formulae of 
mensuration, of frequent use, are capitulated below for 
ready reference. 
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2. Definitions of Geometry. A poini is that which 
has position but no mas^nilude. 

A /me (straight or curved) has length but no breadth 
or thickness. A ng/i/ or straight line has the same 
direction throughout its length and is the shortest 
distance between two points at its extremities. A curved 
line changes its direction between points within its 
extremities. 

A surface has length and breadth but no thickness. 
Its boundaries are lines. It may be flat or curved. 
The extent of a surface, is called its area, A plane 
syrface is perfectly flat and even ; if any two points 
are taken on the surface, the straight line between them 
lies wholly in that surface. 

A solid body has length, breadth, and thickness. 

Solids, surfaces, lines, and points are related to one 
another as follows : — 

1. A solid is bounded by surfaces. 

2. A surface is bounded by lines. Surfaces meet 
along lines. 

3. A line is terminated by points. Line meet in 
points. 

When two straight lines meet at a point they form 
an angle. The straight lines are called arms of the 
angle ; the pointi at which they meet, is its vertex. 

When a straight line stands on another so as to make 
the adjacent angles equal to one another, each of the 
angles is called a right angle ; and each line is said to 
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be perpendicular to the other. AU right angles are 
equal. A right angle is divided into 90 equal parts, 
called degrees ; each degree, into 60 equal parts, called 
minutes ; each minute, into 60 equal parts, called 
seconds. * 

An angle, less than a right angle is said to be acute. 
An angle greater than a right angle but less than two 
right angles, is called an obtuse angle. 

A straight angle is equal to 180° degrees, i.e.y two 
right angles. An angle greater than two right angles 
but less than four right angles, is called a reflex angle. 

-O: 

Any portion of a plane surface bounded by one or 
more lines is called a plane figure. Rectilinear figures 
are bounded by straight lines, called sides. 

Parallel straight lines lie in the same plane but do 
not meet, if produced both ways. They always remain 
-at the same distance from each other, though infinitely 
produced. 

A triangle is a rectilinear figure with three sides. 
The angular points are called vertices. A side opposite 
to any vertex, is called the base in relation to it. 

A quadrilaterhl is a rectilinear figure with four sides. 

A polygon is a rectilinear figure with more than 
four sides. If it has five sides, it is called pentagon ; if 
it has six sides, it is called hexagon and so on. 

A regular polygon has all its sides and angles equal- 
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Triangles are distinguished as follows : 

The equilateral has all its sides equal. 

The isosceles has two of its sidps equal. 

The scalene has three unequal sides. 

The right-angled triangle has a right angle. The 
side opposite to the right angle is the hypotenuse. 
Of the two other sides or legs, one is the base and the 
other is called the altitude, or perpendicular. 

An obtuse- Bingled triangle has an obtuse angle. 

An acu/e-angled triangle has three acute angles. 


Quadrilaterals" are distinguished as follows : 

A parallelogram has its opposite sides parallel and 
equal. 

A rectangle is a parallelogram with all its angles 
right angles. 

A square is a rectangle with all its sides equal. 

A rhombus is a parallelogram having all its sides 
equal, but its angles are not right angles. 

A trapezoid has two sides parallel. 

A diagonal of a quadrilateral is a straight line joining 
two opposite angular points. Any straight line joining 
two angular points of a polygon, which are not adjacent, 
is called a diagonal of the polygon. 


A circle is a plane figure bounded by one line called 
the circumference, and is such, that all straight lines. 
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drawn from a certain point within the figure to the 
circumference, are equal to one another ; this point is 
called the centre of the circle. 

A radius of a circle is any straight line drawn from 
the centft to the circumference. 

A diameter of a circle is any straight line drawn 
through the centre and terminated both ways by the 
circumference. 

An arc is any part of the circumference of a circle. 

A chord is a straight line which joins the ends of an 
arc of a circle. 

A segment is the figure bounded by a chord and the 
arc of a circle, it cuts off. 

A sector of a circle is the figure, bounded by two 
radii and the arc between them. The angle formed by 
the two radii is called the angle of the sector. 

A zone of a circle is the portion of the circle 
contained between two parallel chords. 

A sector becomes a quadrant when the radii are at 
right angles. It is thus, a fourth part of the circle. 
A sixth part of the circlejs called the sextant ^ when the 
angle between the radii is two-thirds of a right angle. 
When the angl^ between the radii is half a right angle, 
the sector is called the octant^ which is an eighth part 
of the circle. 

A semi‘circle is the figure bounded by a diameter and 
one part of the circumference, cut off by the diameter of 
the circle. 
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3, Propositions of Geometry. 

1. All right angles are equal. 

2. The angles which one straight line makes with 
another straight line upon one side of it, are either two 
right-angles, or are together equal to two right kngles. 

3. If two straight lines cut one another, the 
vertically opposite angles are equal. 

4. If a straight line cuts two parallel straight lines, 
it makes (1) the alternate angles equal to one another ; 
(2) the exterior angle equal to the interior opposite 
angle on the same side ; and (3) the two interior angles 
on the same side, together equal to two right angles. 

5* If a side of any triangle be produced, the 
exterior angle is equal to the sum of two interior 
opposite angles. 

6. The three interior angles of every triangle are 
together equal to two right angles. 

7. All the interior angles of any rectilinear figure, 
together with four right angles, are equal to twice as 
many right angles as the figure has sides. 

8. In a right-angled isosceles triangle, each acute 
angle is half a right angle. 

9. Each angle of an equilateral triangle is two-thirds 
of a right angle. 

10. If two sides of a triangle are equal, the angles 
opposite to them are also equal. 

11. If two angles of a triangle are equal, the sides 
opposite to them are also equal. 
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12. If two sides of one triangle are equal to two 
sides of another triangle, each to each, and the angle 
contained by the two sides of the one, equal to the angle 
contained by the two sides of the other, the triangles 
are eqi^I in ail respects. 

13. If two angles of one triangle are equal to two 
angles of another triangle, each to each, and the side 
adjacent to the two angles of the one, equal to the side 
adjacent to the two angles of the other, the triangles 
are equal in all respects. 

14. Parallelograms on the same base, and between 

the same parallels, are ftqual to one another. ^ 

15. Triangles on the same basg, and between the 
same parallels, are equal to one another. 

16. A triangle is equal to half the rectangle having 
the same base and height. 

17. In a right angled triangle, the square on the 
hypotenuse is equal to the sum of the squares on the two 
other sides. 

18. The two tangents from any point on a circle are 
equal. 

19. The tangent drawn from any point on the 
circumference of a circle, is at right angles to the radius 
from that point. 

20. If a diameter bisects a chord of a circle, it cuts 
it at right angles ; and conversely, if it cuts it at right 
angles, it bisects it. 
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21. The angles in the same segment of a circle are 
equal to one another. The angle in a semicircle is a 
right angle. 

22. If a chord be drawn through the point of contact 
of a tangent, the angle formed is ^ual to the ahgle in 
the alternate segment. 

23. The rectangles contained by the segments of 
two intersecting chords, are equal. The same relation- 
ship holds when the chords meet outside the circle, 
the rectangles being equal to the square on the tangent 
from the point of intersection. 

.24. If two triangles be such tliat the angles of one 
are equal to the cprresponding angles of the other, 
then th’e sides opposite to the equal angles, are 
proportional. 

25. If ABC and DEF be similar triangles, angles 
C and F being corresponding angles and CG and FH 
perpendiculars from C and F on the opposite sides, 
then CG : AB : : FH ; DE. 

26. AB and CD are two chords of a circle meeting 
at E. If BC and AD are joined, (1) the triangles AED, 
BEC are similar, for, (2) the angles in the same segment, 
EAD, ECB are equal, and (3) the angles EDA and EBC 
are equal. 

27. If ABC be a right angled triangle, and AD is the 
perpendicular from the right angle on the hypotenuse, 
the triangles DBA and DAC are similar to the triangle 
ABC, and BD : AD : : AD : DC or BD.DC = AD^ 
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4. Tables of length, area and volume. 

(a) Table of British measures of length. 

[Contracted notations are shown in brackets.] 

^12 inches (in.) make 1 foot. 

3 feet (ft.) „ 1 yard. 

yards (yd.) „ 1 pole. 

40 poles ^ 

or 220 yards/ » 1 furlong. 

8 furlongs „ 1 mile. 

6 feet „ 1 fathom. 

63360 inches, or 5280TFeet, or 1760 yards, or 320 poles, 
or 8 furlongs make a mile. A Gunter’s chain consists 
of 100 links, and is of 22 yards in length (so that each 
link is about 7*92 inches). There are other chains, e.g., 
with 1 ft. and -4 ft. links. 

(b) Table of British square measures. 

144 square inches make 1 square foot. (sq. ft. or ft.*) 

9 square feet „ 1 square yard. (sq. yd.) 

36 square feet „ 1 square fathom. 

30f square yards „ 1 square rood or pole. 

22 X 22 or 484 square yards make 1 square chain. 

40 poles, z.e., 1210 square yards make 1 rood. 

4 roods or 4840 square yards make 1 acre. 

10 square chains make 1 acre. 

(c) Table of Bengali linear measures. 

4 cubits make 1 katha. 

20 kathas „ 1 bigha. 
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(d) Table of Bengali land measures. 


1 sq. cubit 

make 

1 ganda. 

20 gandas 

>> 

1 chattak. 

16 chattaks 


1 katha. 

20 kathas 

99 

1 Bigha. 

1 bigha 

equals 

16t)0 sq. yards. 

121 bighas 

equal 

40 acres. 

1936 bighas 

99 

1 square mile. 

1 katha 

equals 

8 square yards. 

1 chattak 

99 

5 sq. yards. 


1 acre = 4840 Sq. Yards = 3 Bighas and I katha 


ie) 


(/) 


Cubic measures (British). 

1728 Cubic inches make 1 cubic foot. 
27 Cubip feet „ 1 cubic yard. 


Table of C. G. S. linear measures. 

10 millimetres (mm.) make 1 centimetre. 


10 centimetres (cm.) 
10 decimetres (dm.) 
10 metres (m.) 

10 decametres (Dm.) 
10 hectometres (Hm.) 


1 decimetre. 

1 metre. 

1 decametre 
1 hectometre. 

1 kilometre (Km.) 


Working in this system is very simple and consists oi 
shifting of decimal points, in changing from one unit tc 
another. Units of C. G. S. square and cubic measures 
such as square centimetre, cubic metres &c., are based 
on these units and should present no difficulty. 

One inch is roughly 2’5 centimetres. 

One metre is about 1*1 yard. 

One cubic foot of water weighs 62*5 lbs. 

One gallon = 10 lbs. 
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5. Formulae used in Mensuration. The symbols 
rre as in general use. 

Square, When a is side ; d, diagonal : 

diagonal = \/2 x side = \ '2a ; side = 

• v2 

d* 

area = o^ = ^ p. 82. 

1 \ Jc, Where d is diagonal ; a and b, sides : 

d «= + 6’ ; area = ab, 

area, or, a'xb . area, or, ax b 

h '• * a p. 82 . 

3. Right-angled triangle. When h is hypotenuse, a 

and sides : • • 

= y + , 

ab 6i/A* — 6’ hp 

area- 2 - 2 ^2 p. 55, 87. 

where p is perpendicular on hypotenuse from the 
right angle. 

4. Triangle, Where a, b and c are sides 
(a 4-6 + c = 2s, say) : 

perpendiculars : P = - b) {s - c) ■= 

P' “ ^ l/ s(s - a) (s - b) (s - c) 

P' = (s - c) “ 

c c 

p. 64, 

area = i a P = ^ 6 P' =• ^ c P' = 1/ s(s -a) (s-b) (s-c) 

1 f medians are p, q and r, 

area = I y2(p^q* + q^r' + r'p') - (p* + q*+r*) p, 87. 
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5. Equilateral triangle. Where a is side and h is 
altitude : P* 63. 


area = a“-~- p. 87. 

4 

6. Isosceles triangle. Where base is a ; side b : 

area = ^ i/ - Q^ 

4 p. 87. 

7. Parallelogram. When a is base, /z, height, fc and 
c, other sides : 

area = a h. 

= 2>/s(s - a) (s - A) (s - c), if s = i (a + i + c). p. 83. 

8. Rhombus. Where d' and d" are diagonals : 

area=^ \a d\ p* 88. 

9. Quadrilateral. Where d is diagonal, p'y p'\ per- 
pendiculars from angular points on the diagonal : 

area =^ld (p' + p") P* 88. 

Area of quadrilateral inscribed in a circle 

V'^is - a) (s - b) {s- c) (s - d) 
when a, by c, d are sides, and 

a + b + c-^d p. 93. 

s- - 2 

10. Trapezoid. Where h is height, a and 6, parallel 

area-; A (a + 6) . P-83. 

11. Regular polygon. When r and R are radii of 
inscribed and circumscribed circles. 

a being the length, and n number of sides. p. 98. 
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Area of a regular Hexagon ^ 3 a* y3. 

„ „ „ Octagon = 2 a®(l + l/ 2 ). p. 98. 

„ „ „ Dodecagon = 6 a* + v' 3. 

12 .* Circle;, Wh^re r is radius : 

diameter of a circle is D = 2r = p 75 ^ 


circumference of a circle, C == 2 irr = irD. 


area of circle = = 


D*7r C* 


p. 91. 


4 47r 

chord c = 2v^ h{2r- h), where A is height of arc. p. 76 
chord of semi-arc = dh p« 75. 

Arc (length) 


where a is angle subtended at the centre. p. 77. 
Area of circular ring = (/?*- r*) 7 r, where R is outer 
radius. p. 93. 

Area of ellipse = w aA, where a and b are semi-axes. 

13. Simpsons rule. When p\ p ' lengths of 

ordinates, J, common distance : p. 54, 99. 

area = + 2 (p-' +;»>■■- ' ) 

+ 4(;t>’ +;>*+/)” -t- ’ +;»’'‘)i 

= Comin ot^diistance ^ ordinate + last ordinate 

+ 2 X sum of odd ordinates + 4 x sum of even ordinates.) 

14. Cube, Where a is an edge : 

surface = 6 X a% 

volume = a a X a — 


p. 105. 
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15. Prism, 

Surface = perimeter of base x height ; 

volume =area of base x height ; p. 105. 

volume, if rectangular, = length x breadth x height. 

16. Cylinder. Where r is radius, h is height : 
surface = Intrh -t- 27rr* 

volume ='Jrr' A p. 107. 

17. Cone. Where / is slant height ; r, radius ; A, 
height : 

curved surface = itrl ^urs/r* + h\ 

* volume = i^r'A. p. 115. 

18. Pyramid. 

slant surface = J perimeter of base x slant height, 
volume =* :j area of base x height. p. 114. 

19. Wedge. Where a and b are length and breadth 
of base ; A, height, e, edge : 

volume =^^(2a + e). p. 116. 

o 

20. Sphere. 
surface = 47rr* ^ irD * 
volume = 


p. 118. 



SECTION 2. 

♦ PLA.NJE PBApTICAIi GEOMETRY. 

Common Instruments and their use. Problems. Lines 
and angles. Perpendiculars and Parallels. 

6. (a) It is necessary to have a good instrument box. 

Pencils should be of good quality and of hard lead, 
say HH. They should be carefully sharpened like a 
chisel from both sides^ and finally to a sharp edge on 
fine sand paper. Lines should be thin and drawn lightly. 

The straight edge or ruler shoulcf be bevelled on one 
side A little practice will indicate how far from any 
point (through which the pencil is to pass), the edge is 
to be placed and practice alone will give the habit of 
keeping the pencil at the same inclination while drawing 
a line, along a straight edge. 

Two set- squares are used, each with one angle, a 
right angle. In one, each of the other angles is 45°. 
In the other, one angle is 60° and the other, 30°. 

The compasses should have one fine needle point, 
and the other, a pencil point. The divider has both, 
needle point The compass is used to draw circles, 
by keeping the needle point fixed and taking the pencil 
point round it. 

The scales are of constant use for measuring lines 
and for marking off lengths to numerical data. They can 
of course, be used like a straight edge in drawing line. 
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The subdivisions may be in decimals of the inch or 
centimetre. In the foot rule^ an inch scale with 
decimal divisions or divisions in fractions of the inch, is 
commonly marked. In ordinary practice, the scale 
is sometimes applied direct to the paper ^nd any 
required length read off the paper, or marked on the 
paper, by the pencil. More accurate measurements are 
however obtained by the use of the divider adjusted 
(1) on the scale to any desired length, to mark it on 
paper ; or, (2) on the paper to any given length, to 
ascertain its value by next placing it on the scale. 

(b) In drawing figures 
to measurement, use is 
made of scales, set-squares, 
divider and compasses.^ 

Let us draw a square of 
2i inch sides and to divide 
it into squares of i in. sides 

Draw a line by placing 
the foot rule (Fig. 1.) 
approximately parallel to 
the foot of the page, (we 
shall call it horizontal). Let 
ABC (Fig. 2) be this line. 
Mark points from B, for 2.V' length on it,’ at every half 
an inch. Now put the set-square, pqry with one side, rq, 
(not the hypotenuse) along the line AC, with the corner, 
r, of the right angle, at the point B. Draw a line 
(we shall call it vertical) along the other side, rp^ 

]t is presirned that the students know those instruments. 




Fig.l 
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of the set-square, which should be so placed that 


with the proper incli- 
nation of the pencil 
( which should be 
kept life same.), the ^ 
line passes exactly 
through the point B 
of the line. In the 
same way ( with the 
set-square reversed ), 



draw another vertical line at 


the other extreme mark. Now 
use your foot-rule to mark 
these vertical lines at 
every half an inch. Draw 
lines through these points 
parallel to BC, also with your 
foot-rule. Now place one of 
the set-squares with the hy- 



potenuse parallel to and a 
little below the horizontal 
line so that the other set- 
square stands on it, with a 
side coinciding with one of 
the vertical linQS. Then keep 
the lower set-square in posi- 
tion by the fingers of the left 
hand and draw lines along 



the vertical side of the other, 
successively placed along the 


Fig. 3 


marks on the horizontal line and held by the thumb. 


2 
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It may be more convenient to turn the paper round 
I Figf. 3 (a) I so that lines are drawn horizontally. Other 
ways of drawing parallel lines by 2 set-squares, are 
shown in Fig. 3 (b) & (c). 

EXERCISER 1. ‘ ^ 


1. Draw a lino o((ual to 6^ inches and divide it into IJi equal 
parts. Draw srjuares on these parts alternately above and V)elow 
the line. Use two set-squares to draw the vertical lines and tho 
foot-rule only twice for all the other linos. 

2. Draw a square of H" sides and proceed to mark a chessboard 
on it. By' nsinj? 2 set-squares hatch alternate squares. 

3. Draw a line 5^^" hujg and divide it into 11 equal parts. Draw 
one H(|uare t>n the first, two on the second, (one on the to]) of the other) 
and HO on, until the fourth 'part, ami thoij in the descendinfr order, 

*4. Draw a. rectangle of 3'^ and 2" sides. Divide it into 6 equal 
rectangles. , 

5. Draw a line perpendienlar to a given lino and draw })arallela 
to the latter at and 2" from it. 

t). Assuming that 1 square unit is an area formed by 1 unit oi’ 
length and 1 unit of breadth, prove that 3x4=12. 


7. Examples, (a) Draw a regular hexagon and an 
equilateral triangle in a circle of 1^' diameter. 

Spread out the points of the compasses to i" on the 



foot-rule and draw a circle 
(Fig. 4.) with it. Mark along 
the circumference, lengths 
equal to the radius. The 
compasses .as opened out 
or the divider similarly 
opened out to i", may be 
used. There will be exactly 
6 lengths round the circle. 
Join the points to form the 
hexagon. 
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By joining’ the alternate points, an equilateral 
triangle is obtained. The hexagon may also be obtained 
by placing the 60° set-squares on a diameter with the 
60° corner at the centre, and drawing an angle at 60° to 
the diameter and so on. 

EXERCISE 2. 

1. Draw 2 straight lines at right angles. ITso the act-squares to 
divide the 4 right angles into 6, 8, and 12 etjual parts. 

2. Draw an angles of 15° with .sct-scpiaros. 

3. Draw a right angle and divide it into 6 ec^ual parts, 

4. Draw concentric circles of nidii, increasing from 1 to 4 inches 

l)V half an inch. Inscribe equilateral triangles in those witli parallel 
sides. * • 

5. Draw a parallelogram of 2 and 3 inches sides, one of the angles 

being 45°. * 

fi. P is a given point and AB, a given line. Draw a line 
through P, (a) parallel to AB, (b) perpendicular to AB, and (c) at 
an angle of 30° to AB, using your set-squares. 

7. Use your scale to measure the diagonals in Ex. 5, and longlhs 
of lines from P to AB in Ex. 6 (b). 

(6) Draw an equilateral triangle of 21" sides. 

Draw a line AB (Fig. 5). Spread out your compasses 
to 2}" and mark points A and 
B, 2i" apart on AB. With A 
and B as centres, and radii 
AB and BA, draw arcs 
to meet at C. Join AC and 
BC by using a straight edge. 

ABC is the required triangle 
(drawn half size). 
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(c) Construct a triangle of 5 , 4 , and 4J ins. sides. 





Draw a line AB (Fig. 6) 
equal to 4 ^' and with A and 
B as centres and radii equal 
to 5 and* 4 ins.; draw arcs to 
meet at C. Join AC and BC. 
ABC is the required triangle 
(drawn quarter size). 

EXERCISE S. 


1. Draw an equilateral trianj^le of II" Hides. Mark tlie niidillo 
points of each of the aides, usiiif? the scale. Draw the luedians , 
they moot at a point. Join th(5 middle points to form another trimipflc. 
This is also ecjuilatenil. ^ The point of intersection of the medians is 
llie centre of the inscribed and the circumscribed circles, of the original 
triangle. SIkjW' tliis by drawing them. 

2. J'laee a chord, 4 ” long, in a circle of 3 ' radius 

2. Draw an iKOscclos triangle of 2 " base and 3" side.s. 

4. Draw a parallelogram of 2 and 8 ins. sides and altitude 1.^'’. 

5. Draw a triangle of 1^, 2 and 2.^ ins. sides. 

6. Draw an iHo.sceles triangK. on 2" base ’^nd hnqp angles, 45®. 

7. Draw triangles with 

sides 2'' and 3" and the included angle 45*. 

(b) sides 2^ and 2 \ ins. and angle GO*’, opposite to 2 ]" side, 

(c) two angles 30° and 45* at the ends of a side, 2" long. 

(d) two angles 60° and 45° and side opposite to the smaller 
angle, equal to 2^". 

S. Tho difltanee of the point of intersection of the medians of an 
equilateral triangle from a vertex is 2". Constiuot the triangle. 

[Draw a circle of 2 " radiu.s and construct an ecjuilaterul triangle 
with the vortices on it. ] 

0, Use your scale to measure (a) the medians and (b) the sides, 
of the 2nd. triangle in Ex. 1 ; (c) tlie medians iri Exs. 3, 5, and 6 ; 
and (d) the diagonals in Ex. 4. 

;o: 
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(d) Inscribe a square in a circle of 2'" radius* 

Draw the circle (Fij^. 7) 
and a diameter by placing^ 
the ruler against the centre. 

Place •a set-square \yith one 
side along this diameter and 
the corner with the right 
angle, at the centre. Draw 
half of the perpendicular 
diameter. Complete it with 
the ruler. Join the extremi- 
ties to form the square^ 

(e) Draw a regular octagon insi^de a circle. 

Draw a figure (Fig. 8) as in the last problem and 
find the middle points of the quarter circles with the 
help of the 45° set-square. Join to form an octagon. 

(/) Construct a square 
with the length of the line 
Irom one corner to the middle 
point of one of the opposite 
sides equal to \V, 

Construct any square and 
draw the line from one corner 
to the middle point of an 
opposite side. Measure 11" 
along this line from the corner. 
With the help of two set- 
squares, draw parallel lines 
[see § 6 (b)] through this point to complete the square. 
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EXERCISE 4. 

N. B. The melliod of Bolvinf? siniplo problems as above, with 
the help of tlio usual instruments, is constantly followed in mechanical 
tl rawing?. Hut tliere are certain constructive methods based on 
hhiclid’s elements, accompanied by the use of instruments, which are 
not only more convenient hut are also more accurate, As they are 
useful in illustratinpf the applications of ‘»cometrical principles, as 
well as in the training,'’ in the practice of the instruments, gi-eat 
impt)rtanco is attached to thorn. In tlie first stages, use of anything 
more than a ruler and compasses should ho avoided as much as possible 
and the principles of geometry brought to the foreground. Later, 
when the principles have been learnt, use of instruments, which 
facilitates the work, should be more and more taken recourse to. 

:o: 


1. Draw a scjuarc in a/ circle of 2^" radius, 

2. Draw a regular octagon inside a circle of 2" radius. 

3 Oonstruot a square in which the distance from one corner tc 
the middle point of either of the opposite sides is 2 ". 

4. Using your scale, liml out (a) the side of the sejuare in Ex. 1,, 

(b) the side of the octagon in E?.. 2, (c) the side and diagonal 

of the square of Ex. 3. 

5. Draw an e(juilatoraI triangle of 2 ins. sides ; circumscribe a 
circle and inscribe a square in it. 

6. Draw a regular hexagon in a circle by using set-squares as 
in (d), p. 28. 

7. Draw an equilateral triangle in a circle of 2" radius by using 
set-squares from the centre. 

8. Draw a regular octagon in a circle of 3" raflius. 

9. Inscribe a figure inside a circle, whose sides will subtend 

angles of 30®, 45", 90®, 4.5® and 90®, in order, at the centre. 
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8. Examples. Constructions for lines and ang^les. 

3Sr. B. Dotted linos are used for construction only. Full thin 
linos show what is given. Full thick lines show what is required. 


(a) •Bisect a Riven |ine, AB. 

Let AB be the Riven line (FiR. 9). 
A and B and any radius (greater 
than half of AB) draw arcs to cut 
one another at C and D. Join CD 
to cut AB at E. Then AB is 
bisected at E, by CD (perpendi- 
cular to AB). ^ 

(b) Bisect a given arc. 

Proceed exactly as above, 

considering an arc AB instead 
of the line AB. 


With centres 

/ > \ 




Fig. 9 


(c) Bisect a given angle. 

Let AOB (Fig. 10) be the given angle. With 



centre O and any con- 
venient radius, draw an 
arc cutting OA and OB 
in C and D. With cen- 
tres C and D and any 
radius greater than half 
of CD, draw arcs cutting 
at E. Join OE. OE 
then bisects the angle 
AOB. 


The process may be repeated for divisions into 
2" parts, where n is any integer. In practice, the 
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divider will be used, and the points of division of an 
arc CD. drawn, would be found by trial. 

{d) Make an angle equal to a given angle FOR, 
on a line AB at A. 

« 

With centre O (Fig. 11), and any r&dius, draw an 
arc MN to cut OP, OR at M and N. With the same 
radius and centre A draw an arc to cut AB at T. 



Measure the length MN on your compasses and with 
centre T, draw an arc to cut the previous arc through 
T, at C. Join AC. 

The angle CAB is the required angle. 

N. B. Acldii-ion and subtraction of can bo made on the 

saine principle. Wo have ainiply to draw nrcH with tlte vortic-os as 
centres, of the same radius. The fifruros are tlicn to bo placed on 
the same side of a common arni in case ox subtraction and on 
opposite sides, in case of addition. The difference or sum of the 
ambles is thou easily obtained. 
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EXERCISE 6. 

Do not nsv set •sq no res. 

1. Draw a 5" lin(\ Divide it into *1 equal parts by continued 
bisection. 

2. Drc^ a circl|' of 4" radius. ()]>en tlie divider to 2, 4 and 5 

ins. successively and sol off tbese lenjrtbs on tho ci i eurnferenco con- 
secutively , Bisect them and show that th(' bisectors, obtained as 
above, meet at a point, 

3. Draw any line and at a point on d, bis(‘c*t the two stvaipht 
anules formed, on its either aide 

['rids, in fact, f^nvcH the two perpedicnlars at the point. ] 

4. Construct anj.des of 22^. dO' and ilO', usinj^ only a straijrht 
ed^o and a compass 

5. Draw an isosceles trirAj^de with a vertical an^lc, (a) double 
and (b) 4 times, a base auf;!*’. 

[A ( liord to the radius subtends I'D" fit th^centrc' ] 

b. Oonatrnct a tiiun<rle of 2" baJ-e and tw*' adjacent anc^h*s equal 
to 1)0° and 45'', 

7 Construct a triany'le of sides 2'' and and an anpdo opposite 
to the 2" side, equal tfi ()0°. 

8, Construct a ])arallelo^'-ram of 2 ami d ins sid(‘s with 45'’ an^lo 
hetwoc n them. 

ib Diawany trianpclc and verif}" approximately by adding the 
aiifrles tiiat the sum of the three anp^les is equal to 2 ri^rld anodes. 
Similarly find the sum (d the interior anodes of any (piadrilateral. 
Produce the sides in onler and find the sum of the rc~(^nir<int anjrleH, 

10. Discuss by actual trial that the radius of arcs in the above 
jiroblems for bisection, cannot be less than half tlie lino or the arc ; 
that to pive a well •defined point of intersection, they should not be 
too small or too biy; (lines at the point would he best at 90” ) ; that 
only a. small portion of the arc need he drawn for construction ; 
that in case of bisection of the anjjfle, the bi^'gor the radius, the 
better is the result. 

[Avoid alteration of the compass points, as much as possible. 
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9. Examples. Perpendiculars and parallels. 

(a) Draw a perpendicular from a point on a given 
line, when it is not near either end. 


Let AB (Fig. 12) be 
the given line and C 
the point on AB not 
near either end. 

With centre C and 
any suitable radius, 
draw arcs, cutting AB A 
£^t D and E. 


« 



«D C E/ 9 

' / 


Fig. 12 

With D and E, as centres and any convenient 
radius draw arcs cutting at F. Join CF. 


Then CF is perpendicular to AB. 





Pig. 13 


{b) Draw a perpendi- 
cular on a line from a 
point outside it, but not 
near either end. 

Follow the above 
construction, taking C 
outside AB and F on the 
side of AB, other than 
C (Fig. 13 ). 

CF is perpendicular 
to AB. 
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(c) Draw a perpendicular from a point C, on a line 
AB, near or at one extremity. 

With the point C ( Fig. 14 ) as centre and any 


radius, draw a circle to cut 

t 



A D C B# 

Fig. 14 


AB in D. Place lengths of 
this radius along the circle, 
twice from D, setting off 
E and F. With centres E 
and F and any radius 
draw arcs to cut at G. 
Join CG. 

Then GC is the requir- 
ed perpendicular. 

{d) Draw a perpendi-* 
cular frdm ta point C, 


outside a line AB and over either end, on the 


line. 


Take any point D 
( Fig, 15 ) on AB and join 
CD. Bisect CD in E. With 
centre E and CE as radius, 
draw a circle cutting AB 
in F. Join CF. 

Then CF is the required 
perpendicular. , 

Fig. 15 

N. B. 1“ practice, set-squares will be used for the above cons- 
tructions, One will be placed with an edge coinoidirif^ with AB, 
and kept pressed down while the other, with the side adjacent to the 
ri}?ht angle, slided on the first, until the vertical edge coincides 
with C, wherever its position may be. The perpendicular line is 
then drawn along the vertical edge. 
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EXERCISE 6. 

Usr only the compasses amd the ruler. 

1. (Jonsirnc't a squaro of 2" pides, 

2 Construct si triarirlo of 2, R and ins. sidos and di^w porpendi- 
cidnrs from th(‘ anf:(ular points to tlio opposite sides. 

R. Orssw capitfil letters E, F, H, L, T of 2 iius. htM^dit esudi 

4. Construct a triangle ABC with AB, BC and CA, espial to 
6", l" and R" respectively. Draw perjiendieulars from A, B and C to 
AB ; and from A and B to BC and AC produced. 

0 . Construct an equilateral triangle of R iue. sides JJisect the sides 
and or(‘et perpendiculars at the points of bisection. Do they meet ? 

(e) Draw* a line parallel to a given line at a given 
distance from it. 

Let AB ( Fig. 16 ) be the line. Draw two 

perpendiculars AD, BC 
from any two points 
A,B, on the line, as far 
apart as possibe. 

Cut off lengths AD 
and BC equal to the 
given distance. 

Join. CD. Then CD 
is the required parallel. 

Or, instead of drawing BC perpendicular to BA, 
we can draw DC, perpendicular to AD from D. 

(/) Draw a line parallel to a given line through a 
given point ( outside it ). 


0 C 

■■■ ■ 

1 I 

; I 

• I 

• I 

• j 

I I 

1 i_ 

A B 


Fig. 16 
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Let C be the given point (Fig. 16 ) and AB the 
given line. 

After drawing CB perpendicular to AB, either draw 
second perpendicular AD equal to BC, and proceed 
above.* • ^ 

Or, simply draw CD, perpendicular to BC at C. 


Alternatively, take any point E on AB (Fig. 17 ) 


and with centre at this 
point, draw a circle 
^through C which cuts AB 
in F. 

With centre C and saifie 
radius draw an arc cutting 
the circle in D. Join CD. 
Then CD is parallel to AB. 


n 

IN 

h 

1 \ 


1 \ 

% \ 

1 \ 

; \ 

1 \ 

\ 

1 \ 

1 

1 \ 


Fir 17 


In practice, two set-squares will be used to draw 
the parallel, as indicated. 

ig) Trisect a given right 
angle. 

Draw the right angle 
AOB (Fig. 18 ) and with 
centre O and any radius 
draw a quarter circle cutting 
OA and OB at A and B. 
With centres A and B and 
the same radius, mark points C and D on the arc. 



Join OC and OD. 

The right angle AOB is trisected at C and D by 
CO and DO. 
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EXERCISE 7. 

Use only the eompatses antJ the ruler, 

1. Draw a roofcanjrlo of 2 and 3 ins. sides. 

2. Draw a triangle of 2, 3 and 4 ins. sides. Draw from the 
vertices, parallels to the opposite aides. 

3. Draw a parallelopfram of 1^" altitude, 2" base and one angle, 30®, 

4. Draw the ligures of 

(a) X and Z with iwo-angles ec^ual to 30'^. 

(b) H with the horizontal line eipial to 1 ins. 

(c) V and convert it into IVl by drawing vertical lines. 


10. The protractor and its use. 

(a) The protractor. Angles of 90*", 60°, 45°, 30°, 
15°, 75°, are 'easily drawn by the set-squares or by 
construction. Protractors are constructed by an exten- 
sion of the method of construction, and allow any angle 



Fig. 19 

to be set off. A semicircle (Fig. 19) on 6 ins. diameter, 
is drawn on a plate, and divided into 180 equal parts. 
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When these divisions are joined to the centre at the 
base of the semicircle, the angle at the centre (i. e. 2 
right-angles ) is divided into 180 equal parts, called 
degrees, which are marked along the perimeter of the 
semicircalar plate. The plate may also be rectangular 
in form, as is also shown in the figure. The plate is 
placed with the base along the line on paper, on which 
the angle is to be drawn, with the centre at the point 
from which the angle is to be drawn. The point, 
marked on paper, against the required angle at the 
* perimeter, is joined to the given point and makes the 

required angle, with the line. 

# 

(b) Inscribe a regular pentagon in a circle. 

The angle subtended at 

the centre by any side is equal 
to 360'’/5, that is, 72°. 

Draw the circle and 5 
radii, each inclined at 72°, 
to two others. 

Join the extremities to 
form the pentagon. 

(c) Construct a regular 
pentagon on a given line* 

On the given line AB (Fig. 20), plot angles BAE and 
ABC, each equal to*^ (5 x 2 x 90° - 4 x 90°)/5, /. e., 108°. 

Cut off AE and BC, each equal to AB ; draw lines 
from E and C, each equal to AB, meeting at D. 

Then ABCDE is the required pentagon* 


D 



^n-2) 


rt. angle, where n is the number of sides. 
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EXEBCISE 8. 

1. Inscribe a rej^ular heptagon in a circle of 2" radius. Also 
construct one on a 2 ins. line. Proceed, with angles calculated as 
above 

2. Draw lines meeting nt a point at 18°, 70°, 100°, 108°, rll0°, 135°, 

150° and 170’. ' 

3. Construct a regular decagon (10 sides), a do-decagon (12 sides), 
and a (juint-decagon (15 sides) on 2" base. 

4. Inscribe a regiilnr do-decagon in a circle of 3" radius. 

5. In an angle AOB, (AO = 2") draw BA and AN perpendiculars 
to OA and OB respectively. Also draw arc AM, with certro O 
and radius OA, to cut OB in M. Join AM. Measure the angles 
AOB, if cli awn so that: 

(n) AM 1-5", i ;i'an(12-8". ^ 

(b) AB = l-4^2",andS". 

(c) AN=0*5>l"and PS". 

6. Construct a regular pentagon in a circhs of 2 ins. radius, 

7. Construct a regular hexagon of 2 ins, sides. 

8. Inscribe a regular octagon in a circle of 3 ins. radius. 

9. Construct jiny triangle and nneasure the Jingles hy the protractor. 
What IS tile sum ? 

10. Draw any (juadrilatcral and mcsisure the angles by the 
protractor. What is the sura ? 

11. Produce the side of a pentagon and a heptagon in order, and 
measure the re-enlrant angles. What is the sura 

12. Find by measurements with a protractor, the sum of the 
(1) angles fit the centre, (2) angles at eoriu rs, (3) re-entrant angles 
on sides produced, of any ragiilar decagon, do-decagon and quiut- 
decagoii, drawn by you. 

:o; 



SECTION 3. 

PLANE PBACTICAL GEOMETRY. 

Subdivision of Lines. Scales. Construction 
of Figures. 

11. (a) Constructions for division of lines have, 

so far,^ been confined to number of divisions, which 
is some integral pow^ of 2. But other sub-divisions 
are often required The common practical method is 
by trial with the divider. The points are opened out 
approximately to the length of sub-division required, 
by mere guess, which practice makes accurate. Starting 
from one end, the length is successively stepped off 
along the line If out at the other end, the length is 
changed and another trial given, until the correct sqb- 
division is obtained. Similar construction is also used 
for arcs. The geometrical construction te given below. 

(6) Divide a given line AB into n equal parts. 

Draw a line AC (Fig. 21) at small angle to AB. 
Take a small length AP on AC and mark successive 



Pig. 21 

lengths PQ, QR &c., each equal to AP, until n divisions 
are obtained at some point C. Join BC. Draw lines 
through P, Q, R &c., parallel to CB (with two set-squares). 
Then AB is divided into n equal parts by these lines. 

3 
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Alternatively, a line BD may be drawn parallel to 
CA and lengths are also marked on this, equal to AP, 
at S', R', Q' &c. PP', QQ', RR' &c. are then joined. 
These divide AB as required* No set-squares are 
required in this case. « 

(c) Scales, The size of objects to be drawn is 
generally too large to be drawn in paper, full size. 
The ratio, called the representative fraction, in which 
the actual dimensions are changed in the representation, 
depends on the size of the object, space available for 
drawing and other considerations. 

Thus if a length of 24ft have to be represented in 
a space of, 6 ins , our scale is V = 4', of 1/48 full size. If 
further, we waijt our scale to read every X or 3", of 
the actual size, we proceed as follows ; — 

Draw (Fig. 22) an oblong 1" (vertical) by2j" (say; 
our scale would read up to 10 ft. as a maximum, at one 
time ; scales are however generally made longer). 
Divide it by vertical parallel lines, 1" apart Each of 
these divisions then represents T of dclual size. Draw 
vertical lines in the first square, every the third one 
to rise a little higher. These divisions represent every 
Scale r = 4'. 



1 

□ 

□ 

1 

□ 

□ 

□ 


feet. 


Fig. 22 

i', or 3" of actual size. The first i" line is to be marked 
^^zero” and 1, 2, 3 &c. ‘‘feet“ shown to the right, and 
h J » to the left. These are shown in the figure. 
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To read any length by this scale, the whole number 
of feet is read by divisions to the right and fractions, 
by the space to the left, of the zero line. 

Tljis is an example of reducing scale, where the 
ratio, is smaller lhair unity but in case of an enlarging 
scale, sometimes required, it will be greater than 
unity. 

id) Diagonal scales. These are used for dealing with 
lengths involving small fractions of an inch, with accuracy. 
Let an oblong ABCD, V by V' [shown half size in (1), 
Fig. 23], be divided into 10 equal parts by horizontal 
parallel lines. Let a diagonal AC cut these lines. The 
distance of the point of interse<jtion of the diagonal 

(1) (2) (3) 



with the third (say) line from BC, from CD, is 3x1/10" 
or, 03' and so on, since in successive lines, the point 
of intersection of diagonal is 01" further away from 
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BC or CD. If the oblong had AB equal to V and BC^ 
01" [as in (2), Fig. 231 ; the distance of the point of 
intersection of the diagonal with the 7th (say) line from 
CD is 7x1/100, or, 007" and so on, argued in the 
same way. The figure in (3) 23, <:s the combination of 
(1) and (2) 23. 

The diagonal scales based on this principle are 
marked as shown in figure 23, bottom figure, the inch 
divisions, to the right of the zero line, and the tenths 
to the left, horizontally. The hundredths are marked 
vertically upwards at the left extremity. The figure 
gives actual construction also, f6r drawing the parallel 
vertical lines to the left. Similar construction for hori- 
zontal parallel lines may be made to the right of the 
figure. 

Lengths are only taken off such scales by dividers 
or measured from adjusted dividers by such scales, 
along any one horizontal line. The divisions to the 
right of the zero line gives the iiumbei of full units ; 
horizontal divisions to the left, tenths ; and the vertical 
divisions, the hundredths- 

Instead of inch divisions and its decimals, any other 
scale can be made in the same way and smaller units 
may be read direct. For example, if the above were to 
represent a scale of V equal to 1 yard, BC would 
be divided into 3 parts and AB into 12, giving feet 
and inches, and the scale constructed accordingly. 
Readings would be in yards, feet and inches in this 


case- 
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12. Examples, (a) Construct a diagonal scale to 
read inches, tenths and hundredths of an inch. 

Draw a rectangle ABCD seven inches long (part is 
shown in fig. 24) and one inch wide ; divide it into 
seveij equal parts ; at the end of the first division from 
A, fix the zero (0) point and to its right, fix 1, 2, 3, 4, 5, 6 



Fig. 24 


in each division. Divide AD, the Vertical line, into ten 
equal parts and mark them with figures from Ato D and 
draw lines through these points parallel to AB. Divide 
OA into ten equal parts (01, . 89, 9A) from 0 to A. 
Join D9 ; from other divisions between A and 0, draw 
lines parallel to 9D. 

(h) Construct a scale, R. F, =^1/63360, showing 
Miles, Furlongs and Chains. 



Fig. 25 

By calculation, it can be shown that V represents 
1 mile (1'763360 in. = r75280 ft. - 171760 yds. - 171 mile.) 
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Draw a line (Fig. 25) seven inches long. Mark on it 
at every inch ; at the first division from left, mark the 0 
point ; number the primary divisions towards the right — 
1, 2, 3, 4, 5, 6 miles ; divide the division to the left of 0^ 
into eight equal parts, that will represent furlongs. ^Now 
draw a rectangle on the 7" line aftd divide the vertical 
lines into ten equal parts. Draw lines through each of 
these divisions parallel to the base line. Like the last 
scale, complete the diagonals. The primary divisions 
represent miles ; the left hand divisions divided into 
eight equal parts, furlongs ; and vertical divisions, 
chains. 

(v) The scale of a map of Wance is in French 
leagues. It is found i by measuring the scale that 375 
inches represent 25 leagues. Construct the correspond- 
ing scale of English miles. (1 French league '= 4262*84 
English yards.) 

Here 25 leagues = 4262 84 x 25/1760-60*5 miles. 

Consequently 60*5 
miles are represented 
by 375" ; so the scale 
may show 110 miles 
without being very 
long, as 60*5 : 110 : : 
375 : 6*81. Divide then, a line 6*81 ihches long 
(Fig. 26) into 11 equal parts to show spaces of 10 miles ; 
subdivide the first primary division into ten equal parts 
to show miles. Diagonally dividing, furlongs are also 
shown vertically. 

(J) A map is 36'" long and 24" broad. This repre- 



Fig. 26 
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sents an area of 20 acres. Draw the scale of the map to 
show poles, yards and feet. 

Here 36" x 24" represent 20 acres, or 864 sqr. inches 
represent 96800 sqr. 
yards^ hence ,180 sqr. 
inches represent 12106 
sqr. yards, or, 5*19" = 

55 yanls. Assume Pi^. 27 

the length of the scale to be 5’19". Divide the length 
519' into 10 equal parts (Fig. 27), Each part is a pole. 
Divide 2 poles, i. e., 11 yards, into 11 equal parts to show 
1 yard. The zero point of the scale is, in this case, the 
second point from tlie left. Divide vertically into 3 
points, to show feet. , 


EXERCISE 9. 

1 Trisect an anjjfle of 40'', as set ofl' by the protractor, by trial 
with the divider. 

2, Draw a circle of 2" radios and a diameter. Bisect one semi, 
circle by construction and the other by trial by divider. Join the 
points by a line which should pass through the centre and note the 
accuracy of your drawing. 

3. Draw two straight lines at right angles to the another and 
trisect one right angle by using the protractor, next by construction, 
and two others by trial. Seo the accuracy of jmur figure by noting 
corresponding lines of trisoction, which should be colinear through the 
point of intersection of the 2 st. lines. 

4-. Divide a line of 4", into two parts, one of which ia double 
of the other. ‘ 

5. Divide a line of into three parts, in the ratio of 2 : 3 .* 4. 

6. Divide a line of 4" into 5 and 7 equal parts. 

7. Divide a line of 2'^ into 10 equal parts. 
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8, Oonslrnct a scale; 4" long, to read yards and fcot, the re« 
proaontatiVo fraction being 1/86. 


9. Construct a scale, 1/2C full size, 4'' long, showing feet and inches. 

10. Construct tlie following scales r 


Scale. 

(a) ir'=r 

(b) l/IO 

(c) l"=ly(l. 


Long enough for : 
6 ' «’ 

8 ' 

10 yds. 


Showityj:, 
‘ft. and in.s. 

jj ji 

yds. iV’ ft. 


11. Draw the plan of a room 16' by 24' on a sheet 9" by 16" 
leaving a decent margin jill round. Diaw and mark the; scale that 
should be used. 


12. Draw a diagonal scale (1) 6" long, in inch, 0 1", and 0 01", 
divisions (2) 4" long, showing yards, feet and inches, ]/86 full size. 


13, Construction of figures to measurement. 

(a) Construct a triangle of perimeter 8"', base 2", 
and one base angle, 45°. 




/C 



triangle of perimeter 8", 
angle, 45% 


Draw (Fig. 28) the 
base AB, 2' long and 
the angle BAC equal 
to 45°. Cut off AC 
equal to 6' (8" — X). 

Join BC. Make the 
angle CBD equal to 
the angle DCB. Then 
ABD is the required 
triangle. (Fig. half size.) 

(&) Construct a 
altitude 2" and one base 
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Draw (Fig, 29) lines AB and CD, T apart, parallel 
to one another. At A make angle BAC, equal to 45'*, 



Fig. 29 

cutting CD at C. Take*a length AB, equal to 8" minu» 
AC. Join BC, Make an angle BCE equal to angle CBA. 
Then CAE is the required triangle (scale — half size). 

EXERCISE 10. 

1. Construct a triaiifjfle with two nri^flcs oijual to 00“ nncl 45° 
jnid a side equal to 2", (1) adjacent to both, (2) o})iioHite to one fit' 
them 

[The tliird angle ia 180°- 00° - 45% and may hr obtained by draw- 
ing the two Jingles succesBively at a point in any line. Then (2) 
reduces to (1)]. 

2. Find a point D iu EF,' so that the sum of the lines DA and 
BD from two given points A and B, 3'' a])art and 2'^ from EF on the 
same side of EF, pay be the least. Measure the distance of D from 

A and B. 

[Draw AEA', perpendicular to EF, making EA' equal to EA. 
Join A'B catting EF in D. Join AD. Prove by joining any other 
point Q on EF to A B that AD + BD is less than AG + BQ.] 

3. Construct a triangle of 4" ba.se, 3" altitude and 2 *' radius of the 
circumscribed circle. 
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4. Construct a triangle of two sides equal to 2 and 3 ins, and 
(1) tlic! included angle equal to 45^, (2) an angle opposite to 2 " side 
equal to 45“. 

[Set oIF AB (’(jual to 3" on any angle 0AB = 45“ and with centre 
B, radius 2‘ , cut off AC at D and D\ Two triangles are obtained 
for (2).] ^ ' « 

5. Construct a triangle of 6" pirimeter with two angles equal 
to 60' and 45®. 

[Make the angles BAG ABO equal to 60° and 45“ at tlie 
ends of the (>" lino AB; bisect tliern to moot at D and from D draw 
])arallelH to OA and OB]- 

6. Construct all possible triangU‘s with two angles ecpial to Go® 
and 30'' and a side equal to 3". 

7. Construct all povssiblo tria lights with two sides equal to 2^ jind 

3|| ill. and an angle equal to 30°. • 

8. Construct a triarigh* of S" perimeter with two angles e^jual to 
90° and 30". 


(c) Construct a rectangle and a square, equal to 
a triangle of 2, 2i and 3 ins- sides. 

Draw the triangle 
ABC (Fig. 30) to 
dimensions. Draw 
the perpendicular 
AD from the vertex 
A,* to the base BC. 
Bisect AD in E and 
through E draw 
FEG parallel to BC*. 
Draw BF and CG 
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and G. Then FC is a rectangle equal in area to the 
triangle. (Drawn half size). 

This may also be obtained 
by bisecting (Fig. 31) AC in 
M and completing the paral- 
lelogram BM an3 then ^he 
rectangle FC. 

Produce (Fig. 30) BC to H 
making CH equal to CG. 

Draw a semicircle on BH 
and produce CG to meet it 
at K. A square drawn ^on 
CK, will be equal to the triangle. 

The following may be noted : • • 

If GC-r and FG-2\ 

the rectangle FC— 2 sq. ins. - square on KC. 

Hence KC^ \^2 inches, 

(d) Construct a rectangle on a given line, equal in 

area to a given rectangle- 




Fig. 32 

AD and EF in L and M. 
rectangle. 


Let ABCD (Fig. 32) be 
the given rectangle. Pro- 
duce AB to E, making AE 
equal to the given line. 
Complete the rectangle 
AEFD and join AF, cutting 
BC at O. Draw LOM 
parallel to ABE, cutting 
Then LE is the required 
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(e) Construct a regular polygon (say, a pentagon) on 
a line of 11" in length. 

Let AB (Fig. 33) be the given line 1 1" long ; 
produce it to C making BC=AB. On AC describe 



Fig. 33 


a semicircle divide this 
into five equal parts 
(as many as the number 
of sides of the required 
polygon) ; join B2, bisect 
B2 and BA and let the 
perpendicular bisectors 
intersect at O. With O 
as centre, OB or OA 
as radius, describe the 


circle ; BA and B2, chords of the circle, will be two 


sides of the polygon ; place three other chords in the 


circle making the pentagon complete. 

(/) A trapezium ABCD iFig. 34) is given, having ad- 


jacent pairs of sides AB, BC equal ; inscribe a square in it. 


Draw the diagonals ; 
at one end of a diago- 
nal set off a perpendi- 
cular AE, equal to the 
diagonal AC. Join EB 
cutting AD in K. 

From K draw KM and 
KN parallel and per- O 

pendicular to the dia- Fig 34 

gonals, cutting AB and CD in M and N. Through M and 
N draw MP and NP, parallel to KM and KN cutting BC 
in P ; KMPN is the square. 
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(g) Inscribe a square in a gfiven rhombus. 


A 



Fig. 35 

Draw two diagonals (Fig. 35) • AB and CD 
bisect the angles AEC and AED and produce 
the bisectors till the sides of the rhombus are cut Join 
these points and the required square will be drawn. 
Alternatively, the construction above may be used 
as shown. 


EXERCISE 11. 

1. Construct a parallelogram equal to an equilateral triangle of 
2" siaes and having an angle equal to 45®, (1) of half the altitude, 
(2) on Iialf the base of the triangle. 

2. Construct a square equal to a triangle of 3 and ins. 
sides. 

3. Construct a rectangle equal to another of 2 and 4 ins. sides, 
having one side equal to 3". 

4. Construct a parallelogram equal to a triangle of 2, 3 and 4 
ins, sides, having one side ecfual to 2" and an angle, 45®. 
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5. Draw a squarR of sides and a rectangle of ]" by 2'' sides. 
Obtain the square roots of 2 and 6 by nieasurinp; the diagonals by the 
divider and scale. 

0. CoriRlruct 4 rectangles of 1 by 2, 3, 5 (t 7 ins. sides respectively 
and draw scpiares equal to them. Obtain the square rojts of 2, 3, 5 
and 7 by nieasuring the sides as above. Alsu obtaiji tlie square roots 
of 5 and 10 from the diagonals of the lirst 2 rectangles. 

7. Draw a square of 1" sides. At the far end of a diagonal, 
erect perpendicular e(|ual to 1" and complete the rigid angled triangle. 
Erect a perpendicular e(pial to 1" at the far end of the hypotenuse 
and complete the second right-angled triangle. Proceeding in this 
way, nioasuro the liypotenuses to find the sciuare roots of 2, 3, 4, c'tc. 
up to 10. 

8 Divide the product of 3 and 4 by 5, by geometrical construc- 
tion only. 


14. (a) Reduce the number of sides of any figure, 

by one, without altering the area. 

Let AB, BC, CD (Fig. 36) be 3 contiguous sides of 



any figure. Join AC and 
from B draw BM parallel 
to AC, to meet DC pro- 
duced in M. Join AM. 
Then the triangles AMC 
and ABC are equal. Three 
sides AB, BC and CD 
of the figure have now 
been reduced to two, AM 
and MD, without altering 
the area. 


Fig. se 
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For any re-entrant portion (Fig. 37), such as 
GEF, join GF and draw EN parallel to GF. Join 


FN cutting EG at O. Then 



the triangles ENF and 


ENG afe equal. Hence 


/i 

&c. 

/j 

h 

The principle is to 

yj 

1 

\ 

cut parts off the figure in 

\ 

1 

some places, while repla- 


1 

1 

cing equal portions in 


1 

other places. By continuing 

N / 

M 

the process we can always 


G 

reduce any rectilinear figure 

Pig. 37 


to a triangle. • 

• 


(b) Construct a triangle having 

a given altitude, 

and equal in area to another. 

Let ABC (Fig. 38) be the given 

triangle. 

Draw 

DE parallel to BC at a distance equal to the 

A 

given 



Fig. 38 

altitude, cutting AB in D. Join DC and draw AF 
parallel to it, cutting BC produced at F. Join DF. 
Then DBF is the required triangle. 

This problem is useful in the addition and subtree- 
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tion of triangles ; for, when converted to equal altitudes, 
such problems simply reduce lo the question of addition 
and subtraction of bases. 

(c) Divide a quadrilateral ABCD into two equal 
parts by a straight line drawn from an angular point D. 


D 



Join AC (Fig. 39) and bisect it at E. Join DE and 
BE. Each of the figures ADEB and CDEB is half the 
quadrilateral. Join DB and from E uiaw EF parallel to 
DB, cutting BC in F. Join DF. Then DF bisects the 
quadrilateral. Alternatively, from A draw AK, parallel 
to DB, to meet CB produced in K. Join DK. Triangle 
DKC is equal to the quadrilateral. Now bisect KC 
in F and join DF. The triangle DFC is half the 
quadrilateral. 

EXERCISE 12. 

1. Construct a triangle equal to the sura and difforenoe of two 
triangles of 3", 4" and 2J", 3", 3^" sides. 

2. Construct a triangle equal to a parallelogram of 4" and 5" 
sides, having an angle equal to 30'^. 
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3. Divide a quadrilateral of 3", 3|t", 4" and 5" sides into two 
equal parts by lines through the angular points. 

4. Draw a triangle equal to the sum of the parallelogram in (2) 
and each of the triangles in (1). 

5. Cc^nstruct a parallelogram equal to a (piadrilateral of 2'\ 3'^, 
4'' and 5'' sides, hhving un angle equal to 45°, between 2 and 3 ins. 
sides, on the 3 ins. side, 

6. Draw a regular hexagon in a circle of 2" radius and join the 
centre to each of the angular points. Construct a triangle equal in 
area to the figure, when one of the G smaller triangles formed, is 
cut out. 


(d) Divide a triangle into two equal parts by lines 
drawn from a point in one of the sides. 

Let ABC (Fig. 40) be the triangle and P, the 
given point on the side AC. Bisect AC at D. Join BD 
and BP. From D draw 
DE, parallel to PB. Join 

PE. 

Then PE bisects the 
triangle. 

By dividing AC into 
any number ’ of equal 
parts and extending the 
construction, the triangle may be divided into the same 
number of equal parts. 

(e) Divide a given triangle into two equal parts by 
a line parallel to the base. 

4 
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Let ABC (Fig. 41) be the given triangle, BC being 

the base. Describe 
a semicircle on 
one of the sides, 
^ say qn AB^ and 
bisect it at D. 
With centre A and 
radius AD describe 
an arc cutting AB in 
E. From E draw EF 
parallel to BC. Then 
EF bisects the 
Fig. 41 triangle. 

(AE = AD = AB, and areas of similar triangles are 
as the squares of the sides.] 

EXERCISE 13. 



1. TIisoct. hinl trisect a triangle of 2, 1^, autl 4 ins. sides, by litiee 
from its anj^ular points and also from tbo middle point of its 4 ins. side. 

2. Uisect a panilleloj'ram, 3" and 4*' sides, containing 46'’, by lines 
(1) through the angular points ; (2) through the middle points of the 
sides and (3) through any given point, elsewhere. 

3. Bisect a parallelogram, 3X4 ins. sides at 45°, by (a) a line 
perpendicular to tlie 3 ina. side, (b) a line parallel to the 4 ins. side, 
and (c) lines perpendicular to the diagonals. 

4. Bisect a triangle of 2", 3" and 4" 8ide.s tiy a line parallel to 
tlu’ base. 

: 0 : 

{/) Construct a square with its diagonals equal 
to 3 ins. 

Draw a circle of radius equal to H' . Draw two 
diameters at right angles to one another and join their 
extremeties to form the square. 
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(g) Construct a right-angled triangle of 3 ins. hypo- 
tenuse and one side equal to 2J inches. 

Draw a semicircle of IV radius on hypotenuse AB. 
With A as centre and radius equal to 2|% mark C 
on the ‘semicircle. Jo^n AC and BC. ABC is the 
required triangle. 

Or, erect a perpendicular on one extremity of a 2}" 
line and with the other extremity as the centre and 
radius equal to 3", mark on this perpendicular. 

(A) Draw a tangent to a circle from a given point. 

When the point is on the circle, simply draw the 
radius through the point and erect a perpendicular at 
its end. , 

• 

When the point is outside, join it to the centre and 
erect a semicircle on this line. Join the given point 
to the points of intersection of this semicircle on the 
circle. These are the required tangents. 

To draw common tangents to 2 circles, (1) direct, or 
(2) transverse ; draw circles with radius equal to (1) 
difference, or (2) sum, of the 2 radii, concentric with the 
bigger circle. Draw tangents to this circle from the 
centre of the smaller circle, as above. The line through 
the centre of the bigger circle and the points of contact 
of the tangents gives on the bigger circle, the points of 
contact of (1) direct, or (2) transverse tangents. 
Tangents from these points to the smaller circle, are the 
required tangents. 

In practice, set-squares and rulers would be used. 
There would not be the same accuracy, but a fair amount 
is obtained by a practised hand. 
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(/) Describe a circle to pass through (1) two given 
points A and B and to touch a given line CD ; 
(2) three given points. 

(1) Join AB (Fig. 42), bisect it at E and erect EO 


A 



Fig. 42 


perpendicular to 
AB. The centre 
of the required 
circle must lie on 

EO. 

Let AB pro- 
duced meet DC at 
C. Find a point 
F in CD, so that 
CF^ = CB. CA. 


The required circle passes through A, B and F. 

The centre is at O, where the perpendiculars EO and 
OF (to AC and DC), intersect. 

(2) Construction follows from first part of (1) 


EXERCISE 14. 

1, Oonatruct a rectansjlo on n line of 3" ns diagonal, having a 
side equal to 2 inches. 

2, Use your sot-square ( 45° only ) to obtain points of a semicircle 
on a given line AB. 

3, Goiiatruct a right-angled triangle on a line 'of 2 ins. (hypo- 
tenuse), having a side equal to inches. 

4, Construct a square on a line of 2" diagonal. 

5, Solve the following right-angled triangles, i. e, find the other 
sides and angles : 

(1) Hypotenuse, 8"; a side, 2". (2) Hyp. 3"; height, 1". 

(3) Hyp. 3'", an angle, 00°, (4) Hyp. 2}'', a side double of another. 
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(o) Hyp. 3"}", one angle double of anothex*. (H) Height 1", one base 
angle 30®. ( 7 ) A side 2", a base angle, 45°. 

• 6. A tin roof rises one in four. Find the floor length covered by a 

10" sheet. 

7‘ Hi’aw a tangent to a circle of 2" radins, (n) parallel to, 
(b) porpendicuhir to, a given^slraiglit line, 4" away from the centre. 

8. Describe a circle to touch two given lines AB, AC, at -45®, 
through C, at 3" from A. 

9. Draw a chord through a given p(*int in a circle which will be 
bisected at the point, 

10. Draw neat figures and verify the following theorems with the 
liolp of the instruments : 

(1) Angles in the sann[r3 segment are all equal. Those on a 

semicircle are right angles. * 

(2) Two tangents to a circle from a pdint equal. 

(3) If a chord be drawn through the point of contact of a 
tangent, the angle between them is equal to the angles in the alttonato 
segments. 

(4) The rectangle contained by the sogments of two intersecting 
chords are equal. 

(o) Same relations as (4), hold even when the chords meet 
outside the circle. In addition, the rectangles are equal to tlie square 
on the tangent from the point of intersection. 

(6) The bisector of the vertical angle of a triangle divides the 
base in the ratio of the sides. 


:o: 

15 Areas^ In practice, it is often required to find 
the areas of quadrilaterals and to divide them into a 
number of equal parts. The problems in arts. 12 and 13 
will be useful in finding equivalent areas and making 
partition of fields, etc. When the area is bound wholly 
or partly by curved lines, the following method is used- 
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Let us find the area of irregular figures as shown. 

Draw a horizontal line AB (Fig. 43) below the figure 
and vertical lines to touch the extremities, of the figures, 

cutting AB in A 




Fig 43 

ordinates, to obtain the mean height 
by the length AB, gives the area. 


in 

and B. Divide AB 
into a number of 
equal parts at a, 
b, etc. Draw verti- 
cal lines at every 
division, to cut the 
perimeter of the 
figure at a b' b" 
&c. Measure these 
heights, which are 
called ordinates, 
and odd. Divide 
the sum by the 
number of the 
This multiplied 


The lower figure shown, occurs in steam engineering. 
Simpson Rule to find areas is as follows : 

Divide the base into an even number of equal parts, 
each equal to a say, and measure all the corresponding 
ordinates. 


Then area of curve is equal to 

■ a -f ^ fciur times sum ^ sum of first and I 

‘ \ even ordinates ^ of odd ordinates last ordinates, j 

Examples and exercises will be found in section 5 
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MBNSUBATION— LENGTHS. 

Right-angFed triasgies. Rectangles. Squares* 
Offsets. Other triangles. Quadrilaterals. 

Circles. 

16. (a) The square on the hypotenuse is equal to 
the sum of the squares on the two other sides of the 
right angled triangle- 

If H be the hypoteguse, A, the altitude and B, the 
base, 

(i) When any two of the three 
sides of a right-angled triangle are 
given, the third is easily found. 

Wehave, A»-H«-B^ 3 

B'-H'-A=^ Pig. 44 

Hence H=v^A'‘ + B'‘ 

A = -= / (hTb)W^^ 

B = V H*~A^* = 1 (H + A) (H - A) 

(c) The hypotenuse may be found out when the 
sum of the hypotenuse and one side and the remaining 
side be given. 

Since H='=A*4-B* 

2H» + 2HA= A^ + B^ + H + 2HA 
2H (H + A)==B» + (H + A)= 
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(d) The hypotenuse may be found when the 
difference between the hypotenuse and one side and 
the remaining^ side be given. 

We have + 

2W - 2HA- 4 B* + H* - 2HA 

2H(H~A)-BN (H-A)^ " 

Hence the process in (c) & (d) is to divide the square 
of the given side by the given sum or difference and to 
the quotient add the same sum or difference ; half the 
last result is the hypotenuse requir/id. 

Examples. 1. The sides of a right-angled triangle 
are 6 feet and 8 feet ; find the hypotenuse. 

H « v'aTTB^ 

/. H « l/6'^ W - 1 Too - 10 feet. 

2. The hypotenuse is 10 feet and one side is 8 feet ; 
find the remaining side of the right-angled triangle. 

A-1 H^-B*. 

- 8* - y f60^64 = r36 = 6 feet. 

3. The hypotenuse is 9 feet and one side is 6 feet ; 
find the other side. 

A=l FF^B^. 

W+^(H~ B). 

A- V(9 + 6r(y-6)« kTs'^- 1 T5 

« ft. - 3v/5 ft. « 3 X 2*24 ft. - 6*72 feet. 

4. The sum of the hypotenuse and one side is 
18 feet and the remaining side is 6 feet ; find the 
hypotenuse. 
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=H2 + 18) 

= § X 20=^ 10 feet. 

5. The difference between the hypotenuse and one 

side is 14 feet ; the remaining side is 28 feet ; find the 
hypotenuse. • ^ 

H - i + 14^ = i(56 + 14) - 35 feet. 

6. In a triangle ABC of which the base BC is 30' 
a perpendicular AD is 
drawn from A on BC ; if 
AD is 8' and AB, 10 feet, 
find AC. 

• Fig. 46 

BD - V 10^-8^ = 1 lOO"- 64 = i/36 

CD-30-6 = 24'; 

AC « 1 /^“:^ - 1 64 + 5^= V 640-25*29 feet. 

7. A man travels AB, 25 miles due North from A 
then BC, 10 miles due East and then 
finally CD, 25 miles due North ; what 
is his distance AD from the starting 
point ? 

Let BC cut AD at E. 

AD - AE + ED = 2 AE «^v/“25^ 5- 

= 2i/625>25-2l/650 - 50*98 miles. 

• 8. The cost of fencing a rectangular 
field, at 6 pies per cubit, is Rs. 6/4/- ; 
if the field be 75 cubits long, find its 
width. Rs. 6/4 - 100 annas. 

Perimeter of the. rectangle 

* 100 X 2-200 cubits. 
Twice the breadth -200 -150 = 50 /. breadth - 25 cubits. 





58 


MKNSUKATIOiV AND SURVEYING. 


9. A square enclosure has its diagonal 50' ; what 
time will be required to walk around it at the rate of 
one mile an hour. 

Diagonal is 50' ; /. side^50-v-i 2. 

4 sides = 50-^)/ 2 x 4 --’50 x 2 x i/2 ft. 

1 mile per hour = 1760 x 3'^60 = 88 ft per minute, 
the required time 

=^50x2x v''2-^-88 = 25i/2-^22 = 1’61 minutes. 

10. The length of a rectangle is 20 feet ; its diagonal 
is 25 ft. ; find the cost of fencing round it at the rate 
of one anna per foot. 

Length = 20 ft., diagonal *=^5 feet ; /. breadth = 15' ; 

the perimeter = 70 feet : 
cost is 70 annas ==Rs. 4/6/- annas. 

11. The diagonal of a rectangle is 75 ft. ; one side is 
45 ft. ; what will be the length of the diagonal of a 
square of equal perimeter ? 

Diagonal = 75 ft, one side — 45'; the other side 60' ; 

the perimeter -^210 ft ; 

side of a square of equal perimeter = 210~’.-4 = 105-?-2 ft. ; 

the diagonal of the square = 105 -^2 x v 2 
= 105-1*414/2 = 74-235 feet 

EXERCISE 16 . 

1. Fiiul the liypotonuse when Ine Hides of a rij'ht-angled triangle 
are given as follows : 

(a) 3 and 4 units of length. (d) 25 yards and 33 yds. 1 foot. 

(h) 30 and 72 „ (e) 1 foot 1 inch and 7 feet. 

(c) 21 and 7 » (/) 1 Bigha 5 cubits and 1 Bigha 

62 cubits. 
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2. Find tlio side of ii ri^ht.an^drd trian^du wdieu tlie Jiypoienuse 
and another side are given ns follows . 

(«) 2o and 24 units of length 

(6) 6 5 and 5 '4 

(c) 74- and 70 

(d) 4 ft. 5 i)is and ft 

(e) 13 3"(1. 2 ft. and 13 yd I ft. 

(/) 2 bigliaa 2 cubits and 1 biurha oti cubits. 

3. A man on one side of a brook linds flint ho can just rest a 
ladder 20 ft. long against the branch of a tre*^* vertically over the 
other bank ; the branch is 12 ft. above the ground ; bow wide is the 
brook ? 

4. The span of a roof i.s 21 ft., and the rise 7 ft ; find tlie sloped 

length of each side. • 

5. One side of a riglit-angled triangle is 588 ft. : the BUni of the 
hypotenuse and the other side is 882 ft Find the hypotenuse and 
the other side. 

(>. One side of a right-angled triangle is 3925 ft. : the difference 
between the bypotennse and the other sidi' is 025 ft. : find the liyjm- 
teuuse and the other ‘side. 

^“7. A ladder, 25 ft. long, is placed against a wall with its foot, 
7', from the wall ; how far shoulci the foot be drawn out sotltat the top 
of the ladder may come down by half the distance, that the foot is 
dra-a'ii out. 

8. The hypotenuse of a right-angled triangle is 123 ft. and one 
side is 9 yds. ; find the other side.^ 

9 A ladder 5 ft long, is standing against a wall with its foot 
3 ft from the wall ; how far should the foot be drawm out so that 
top of the ladder is ft. from the grcnind ? 

10. Find the cost of fencing the sides of a rectangular field, of 
which the diagonal is U52 ft, and a side 13fi ft., at 4 as, per foot. 

11. How many posts are required, if placed, 2 ft. a]>art, along 
the diagonal of a rectangular yard of G and 8 ft. sides ^ 

12. It costs Rs. 204 to fence a right-angled triangular field and 
Rs. 51 only for fencing one side. If it costs Rs 1 per foot, find the 
length of the other side. 
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13 If the ili/T<*roiice in tinner taken to walk alonj? the hypotenuse 
and one aide of a palh-wny in the form of a rijyht-angled triangle 
be 14 nuMutes nnd it takes 28 mimitea to walk at the same rate 
along the other side, find the length of hypotenuse, if the rate be 
100 yards ]»or min ate. 

M'. Kind the diagonal of a S(juare, whose side 's 2-4^2 inches. 

lo. If Calcutta be 320 miles due South of Darjeeling and 
Cliittagoiig, 224 inileH due East of Calcutta, how far is Chittagong 
from Darjeeling ? 

10 What is the biggest straight line that can bo drawn on a piece 
of ])nper, h ins. b\ Ki ins 

17 Due side of Ui right-angled triangle is 20 feet the difference 
between its hypotenuse and the other side is 13' : find the hypotenuse. 

18 One side of a right-nng-led triangle is 12 feet and the sum of 
i|s hypotenuse and the other side is 45 feet : find the hypotenuse. 


17. (a) In an "isosceles right-angfled triangle, the 

hypotenuse is \/2 times of either side. This follows 
from 16 (a), when A=B, 

H*=-Ah-B^- 2A^ or2B’ ; 

or H= \ 2A or v 2B. 

Or, each side is hypotenuse divided by i/^2. 

(6) If two sides of a right-angled triangle be 
given, the length of the 
perpendicular from the right 
angle on the hypotenuse can 
be found out, by dividing the 
product of the two sides by 
the hypotenuse. 

If AD is the perpendicular to hypotenuse BC, AB 
and AC are two sides, then AD : AC : : AB : BC ; 

therefore 

The perpendicular is called an off-set. 
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(c) If in the above, the segments of the hypotenuse 
BC be given, the perpendicular AD is found by extrac- 
ting the square root of the product of the segments. 
Since BD : AD : : AD : DC, AD* = BD* DC. 

Examples. 1.* The sides of a right-angled isosceles 
triangle are each 3i/ 2 inches. What is the length of the 
hypotenuse ? 

Required length “ y'2 x 3v 6 inches. 

2. The two sides of a right-angled triangle are 3 and 
4 inches. Find the length of the perpendicular from the 

right angle to the hypotenuse. 

» 

Hypotenuse is i/3* + 4*~5 

Required perpendicular is inches. 

3 If the perpendicular from a right angle to 
the hypotenuse of a right-angled triangle divide the 
hypotenuse of 13 inches into two parts of 9 and 4 inches, 
find the length of the perpendicular. 

Required perpendicular = 4x9==6 inches- 

4. ABCD is a rectangle ; the diagonal AC is divided 
into two parts, 8 ins. and 18 ins- by a perpendicular 
drawn on it from B. Find the sides of the rectangle. 

DE = 7i^x8=/l44 = 12 
DC = V W+li4 « 1/ ^ = 14-42 
AD = v/324 + 144 » V 468 = 21*63 ins. 

5. The length of a rectangle ABCD is 30' and the 
breadth 8 ft. The side AD is divided into three equal 
parts at E and F and straight lines, parallel to AB are 
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drawn through them, cutting the side BC at G and H. 
EG and FH are bisected at K and L. Find the lengh 
of the line DLKB. 



DL - v 10^ + 4^ - V 116 - 1077 

BK = V 1^ + 4=' - \/n6 = 1077 
KL =10 

, 3154 feet. 

EXERCISE 16. 

1 Fiiul the value* of ^2 to 5 places of clociinals, 

2. Find thfi diii^ounl of a aejuaro of 7 inch sides to 3 places of 
decimals 

3. If the diagonal of a fi(|iiare bo 10 inches, liud its sides. 

4. If it takes 15 miiuitos to walk ttloii^^ the diagonal of a square 
field, how long will it take to go round it ? 

5. The sides of a rectangle are b and 8 inches. Find the lengths 
of perpendioulnrs from the angular points to the diagonals. 

6. The diameter of a circle is 12 inches. The length of a per- 
pendicular on the diameter up to the circumference, measures 4 inches. 
Find the point on the diameter on w^hich the perpendicular stands. 

7. A rectangle is drawn inside a circle of 5 feet diameter. If 
the sides be 3 and 4 ft. Imd the lengths of perpcndicahir from the 
angular points to tho tliameter. 

8. In the above example, find tho points on the diameter on wloVb 
tlie perpendicular stand. 

D. Two stations are 35 miles apart. A third station is 28 and 21 
miles respectively from the two. If one goes straight from the first 
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to ilie socond how near would he ajijjrouch the tliird stntiou during 
the journey ? 

10. Find the cost of feneinjj: round a square lie Id, if the cost of 
fcncini^ alonp: the diagonal he Its, \0j, 

11. The perimeter and tlie hypotenuse of n right-angled triangle 
ni(‘asure 24®ajid 10 ineh(‘s respectively. Find the Icngtli of the 
perpendicular from the right angHo to the hypotenuse 

12. If the perimeter of an isosceles right-angled triangle be 18 
inches, liiid the hype^cenuse. 


18. (a) The altitude of an equilateral triangle may 

be found out, if the side be given. 


Altitude ■== /y,/ (side)"" 

= 1 1 / 3 of a side. 

2 

Also side^-r;! altitude. 

V3 

The side of the equilateral 
triangle is to be multiplied by 
i\/3 or by 0*866 ; the product 
is the altitude required. 

(6) If the base b, and a side, 
a, of an isosceles triangle be 
given, the altitude h, of the 
triangle may be found out as 
follows : 

Subtract the square of half 
the base from the square of 
any of the equal sides ; the 
square root of the difference 
is the altitude required. 
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(c) The altitude of any triangle may be found 
^ out if the three sides of the 

r triangle bfe given, as follows : 

j\ j From half the sum of the 

^ / 1 three sides, subtract each 

I { side seperately. Then multi- 

/ j ply the half sum and the 

I I N three remainders, continually 

Ct together. Twice the square 

6^ root of the product, divided by 

any of the side considered as the base, is the altitude 
required. 

Let 2s “ a + 6 + c, sum of the 3 sides. 


Then the length of the 

a 

perpendicular on a : and so on. 

Examples. 1. A side of an equilateral triangle is 
5 feet, find the height of the triangle. 

Half side ^ ] ft. 

Altitude = == r V) = Vl8l 

“4*33 feet. 

or, altitude = .} x ]/3 side, i.e., 5 x 0'866, or 4'33 feet. 
2. An isosceles triangle has its base 10 feet long 
and each of the equal sides, 12' - 6" ; what will be the 
diagonal of a square whose side is equal *to the altitude 
of the isosceles triangle ? 

Side of the isosceles triangle 12' - 6" ; half base, 5 ft ; 
the altitude « (12i)* - 5^’ = V 62514^25 

^ /525 

“V T 
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the diasfonal of the square - •/ 525/4 x 

“ /525[2 = JWFb - 16’2 ft 
3 Three sides of a triangfle are 5, 7, 8 feet ; find 
the altitude on the side, 8 feet longf. 


i (5 + 7 + 8) = 10; 
10-5 = 5 
10-7 = 3 
10-8 = 2 


TL j 2/(10 X 5x3x2) 

1 110 dltltUQC — " g 

_ 2/^x5 x2x2x3 2 X 5 X 2/3 
8 " 8 
_ 20 /3 _ 20 X 173205 _ 5 x 1 73205 
8 8 
=f 4 33 feet 


4. In an equilateral triangle, the perpendicular 
drawn from the vertex to the base is 4\ '3 ft ; find its 
side 


Perp. ^4v" 3 ; half base is 4 ft. ; 

. . the side is 4x2-8 ft 

5- The diagonal of a square is 7*07 inches ; what 
will be the height of an equilateral triangle, whose side 
is equal to the side of the square ? 

Diagonal = 7‘07 ; side = 7'07/l'414*5 inches, 
the side of the ecfuilateral triangle -5"' ; 
height =* 1/3 = 4*33 inches, nearly. 

6- An equilateral triangle and a square are drawn 
on the same base, which is 20 ft. long. Find the 
difference between the diagonal of the square and the 
height of the triangle. 

Diagonal of square = 20i/2 « 28’28" 

Height of equilateral triangle » 10/3 « 17 32". 
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Difference 28 28" - 17‘32" — 10‘96 inches. 


CC 



Fig. 52 


7. I lalf diagonals of a rhombus 
are 6 ft. and 8 ft. Find its side, a. 
Side, a == \A8‘'‘ + 6“ = 10 feet. 

8. One fcside of a rhombus is 
10 yards and one of its diagonals 
is 12 yards. Find the other 
diagonal. 


Half of the other diagonal •/ 10“ - ( \/)* = 8 yards. 
Hence the second diagonal is 16 yards. 


If the perimeter were given, side== [- perimeter. 

9. One angle of a rhombus is 60 degrees ; if its 
side be 8 feet, find its diagonals. 

Side -8 ft. Therefore, the diagonal opposite to 
60 dveg. angle, is 8 ft. and another diagonal is 2v^8* -4“ 
= 2/12 x 4 = 2 X 4i 3 = 13*856 feeb 

10. ABCD is a quadrilateral ; AD == 12 ft. DC = 5 ft. ; 


A D 



BC = 15 ft. ; and the ZADC« ZDAB = 90 degrees; 
find AB. 



LENCJTIIS. 


67 


Draw CE perp. to AB. Then EB = - 12* =9. 

AB-AE + EB-5 + 9-14feet. 

11. ABCD is a quadrilateral ; t BDC Z DCB, each 
equal tq 60 degrees. AD is 40 ft. z. BAD is 90 degrees 
and BD, 50 ft. ; lind AB. C 

Zl^C«60deg. ZDCB- 
60 deg. / CBD = 60 deg. 

Therefore the triangle CBD 
is equilateral. 

The triangle BAD is right 
angled, therefore 



AB-VBD^-AD*-30ft. 

12. In a quadrilateral, the 

angles at B and D are right 
angles ; AB is 30 ft, ; BC, 40 ft. 
DC, 45 ft. ; find AD. AC =50'. 
/. AD=vA(50 + 45) (50-45) 
= V^95x5 = j/l9x5x5 = 5v^l9 
= 5x4-36 = 21 '8 feet. 

13. ABCD is a quadrilateral ; 
its diagonal AC is 20 ft. The 
perpendicular on AC from. B is 8 ft. and divides AC 
into two parts, 4 ft. and 16 ft ; also, the perpendicular 
on AC from D is 6 ft. and divides AC into two parts, 
8 ft. and 12 ft. ; find the four sides of the quadrilateral. 

BC = /^16 = /80 = 4 /5 = 4 X 2*236 « 8*944. 

AB is similarly = v^256 + 64= i/320 = 8v^5= 17*888. 
VlOO-10: 

/180= /3^ = 6/5= 13*416. 



AD=/64 + 36 = 
and DC = /l44 + 36 = 
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14. The two roofs of a deshi hut meets at the top 
at an angle of 90 degrees ; width of 
the roofs 16' and 12' ; the corner 
posts are 8' high. Find the height 
of the ridge. 

Span* = ^12^ + 16“ span “20. 

Height of ridge above pd%t 
16x12 
20 



' = 9|ft., 


12 X 16 20 X height r 4 . • 

since — 2 — = ^ triangle. 

the height of top from ground is 9^ + 8= I?? feet 


'EXERCISE 17. 

1. Oalculat-o the value of to 3 places of decimals. 

2. If the perpendicular from the vertex to tho base of an equi- 

lateral triangle be 4«y3 inches, find the side. • 

3. Find the altitude of an ecjuilateral triangle of 3^3 inch sides. 

4. Tho altitude ()f an ecpiTlateral triangle y/3X6 inches. F’nd 
the Hide. 

6. Tho sido of an oouilateral triangle is 200^/3 ft. What is 
the height ? 

6 . Calculate the altitude of an equilateral triangle, if the sides 
are 30 ft. each, to tho nearest inch. 

7. Find tho cost to tho nearest pie, of fending at the rate of 
annas ./(?/- por foot, a triangular field of equal sides, if the perpendi- 
cular distance from an angular point to tho opposite side be 40 ft. 

8. Each of the equal sides of an isosceles triangle is 10 ft. and 
tiie base is 12 ft. Find the altitude of the triangle. 

9. Tho side of a square is 6 jds. Find tho radius uf the circle 
described round the square. 
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10. The radiiiB of a circle is I ft. Find the area of n square 
inscribed in the circle. 

11. If the sides of any triangle be 3, 4 and 5 inches, find the 
lengths of the perpendiculars to the sides from opposite angular points* 

12. The sides of a trianglo arc 25, 39 and 66 ft. respectively ; find 
the perpendiculars from the opposite angles on the side of 56 ft. 

13. ^ The three sides AB, AO and BO of the triangle ABO 
are 68, 75 and 77 ft. respectively ; find the length of the perpendicular 
from A on BC. 

14. The sides or a triangle are 13, 14 and 15 ft. ; find tlie perpendi- 
cular from the opposite angle on the side of 1 t ft. 

15. A house 42 ft. wide, has a roof witli unequal slopes, the 
lengths of which are 26 and 4(J ft : find the height of the ridge above 
the caves. 

16. The sides of a triangle are in the ratio of 13, 14, 16 and the 
perimeter is 84 yds. : find the perpendiculars from the angular points 
upon the sides. 

17. The sides of a triangle are 26, 101, 114. Find flje two parts 
into which the longest side is divided by the perpendicular from the 
opposite angle. 

18. The diagonals of a rhombus are 72 and 96 ft. Find the length 
of its sides. 

19. The semi -diagonals of a rhombus are 8 and 16 inches 
respectively. Find the length of its sides. 

20. The diagonals of a rhombus are respectively (1) 40 and 00 
yards, (2) 88 and 234 ft.; find the perimeter and height. 

21. The side^ of a rhombus is 36 ft. and one of its diagonals is 
18 ft. Find the other diagonal. 

22. The side of a rhombus is 20, and its longer diagonal is 34*64 ; 
find the other diagonal, 

23. The diagonals of a rhombus arc (1) 00 ft, and 46 ft., (2) 4 ft. 
and 1 ft. 2 inches, (3) 80 ft. and 60 ft. Find the side and the 
height. 
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24, Iti IhH qnndrilatiiral ABC^, 

(1) AD = l(i.DC=8;BC - 12 LADC=iDAB=90'’; Cud AB. 

(2) LBDC -LDCB = (iO'' : LBAD-»0°; AD=()0ft. , 

BD=so ft. ; liml AB. 

(«) LB=-LD = !)0° ; AB = 40ft.: BC=50tt. . DC=60ft. : 

find AD. • 


(d) If ABC and DEF are two given similar triangles, 

AC : BC : : DF : EF. 




Fig. 67 

CA X EF 

Hence DF is equal to — — • 

Let BC be 5 feet, CA, 8 feet and EF, 10 feet ; then, 
DF will be 

^— = 16 feet. 


(e) Similar rectilinear figures having their angles 
equal, each to each, have their sides about the equal 
angles proportional. They may also be divided into 
the same number of similar triangles. 

If two straight lines of one rectilinear figure and a 
straight line corresponding to one of them of a similar 
figure be given, the straight line corresponding to 
the other is found out in the same way, as in the case 
of similar triangles. 
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(/) Two maps, drawn on different scales of the same 
place, are similar ; a line drawn on a map prepared 
on the scale of 32" to a mile, will be twice as long as 
the corresponding line drawn on the other map prepared 
on the scale of 16" inches to a nnle. 

9 

Examples. 1. The hcijjrht of a post is 10 feet and the 
length of its shadow is 15 feet. The length of shadow 
of another post is found to be 42 feet at the same time. 
Find the height of the post. 

Height 10' : shadow 15' : : reqd. height : its shadow 42' 


the required height - — — =28 feet. 

2. There are two poles 120' and 40' long at a distance 
of 60'. Strings are attached to the top of each and 
foot of the other. Find the height of the point above 
the ground at which the two strings cross. 


AB EF . rr AB X FC 
BC’FC •• " BC 

DC EF DCxB F 

BC'BF BC 

ABxFC DCxBF 
BC “ ’ B C 
ABxFC = DCxBF 


^ BE 
•• DC“FC- 


But AB is 3 DC 


. . BF=3FC : .'. BC is 4 FC ; 


.'. FC = 15andBF = 45ft. 



Fig. 68 


Now 


BF BC . 45 60 . _ 

FE“CD • EF~40’'®’*'*' 


45x40 


-30 ft. 


60 
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3. The shadow of a man 6 ft. hisfh, is found to be 
; what will be the length of the shadow of a post 
15 feet high at that time ? 


15; jr 




4. A man 6' in height standing 
20' from a lamp post observes that his 
shadow cast by the light is 4 feet 
long ; find the height of the post. 

Height : 24 : : 6 : 4 
height = 24 6/4 = 36 feet. 

5. At a distance of 300 feet from 
a building, the shadow of a vertical 
stick 4 ft. high, cast by light from 

its top, is observed to be 16 ft long ; what is the 
height of the building ? 

The shadow of 4 ft. stick is 16 ft. : 16' : 4' = 316’ : x. 



or jc* 


4 X 316 
" 16 


= 79 feet 


6. The length and breadth of a building are 
100 and 80 feet respectively ; the length of its plan 
is 5 ins, ; what would be the breadth ? 

100' is represented by 5"" ; .*. 20' by V or, 80' by 4". 

7. What will be the length of a line 13200 ft long 
in a map, which is drawn on a scale, 20 chains = 1 inch ? 

20 ch = 20 X 66 = 1320 ft is represented by 1 inch. 

*. 13200 ft. is represented by 10 inches. 
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8. The diameter of a circle is 3 feet ; find the side 
of the inscribed equilateral triangle. 

Diameter « 36" ; radius is 18" 
half the side of the ins- 
cribed equilateral triangle 
-9/3. * 

side = 18/3 -18x1732 
= 31T8 inches. 

9. The diameter of a 

circle is 4 feet ; find the side 
of the inscribed regular 
hexagon. ^ 

Diameter = 4 ft. = 48" ; radius - 24". 

side of the hexagon is 24" inches. 

10. The radius of a circle is 10 ft. : find the side 
of the inscribed dodecagon. 

Radius - perp. .to side of inscribed hexagon, from 
centre = 10-5/2 [*§18(3)] 

= 5 (2 - /3) - 5 X 0’268 = h (say). 

Since side : A -diameter : side, [fig. 61,§ 19 (a)j 
(side)* = diameter x A = 20 x 5 x 0’268, 

or side = /iOO x 0*268 = / 26*8 = 518 feet. 

11. The diameter of a circle is 10 inches ; find the 
side of the circumscribed equilateral triangle. 

Radius = 5 inches. 

.*. the height of the circumscribed triangle is 15 
inches, the centre being the point of intersection of the 
medians. 

half base of the triangle -15/ 1 / 3 

base- 2x15/1/3-30/ v/3- 10/ 3 -17-32 inches. 
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12. The side of a regular octagon is 6" ; find the 
radius of the inscribed circle 

Radius of the inscribed circle— ] diameter 

( 6/,/2 + 6 + 6 / r 2 ) = ;( A + 1 ^ 

= 3 ( 1 '2 + 1 ) = 3 ( 1-414 + 1 ) =* 3 X 2-414 = 7 - 242 . 

I approx., = side x 1*2 ] 

EXERCISE 18. 

1. T!i(i soctioii of a canal is 82 ffc. wido at tho top, 14 ft. -wide 
at tlie hoitoni and iS ft. deep. If tlio .siii-face of tlie water bo 2f> ft 
wide, wluit i.s its depth v 

2. TIh' ])arallel sides of a trape/.oid are respectively 8 ft. and 
11 ft , two siraijLrht liii(*s are drawli aprons the fi|SXuro parallel to 
those, at the same distance from the paralUd sides, as betwoen them 
Find the lengths of thf; straijjht lines. 

8. The parallel sides of a. trapezoid are respectively 16 and 20 ft 
and the perpendicular distance between them is 5 ft. ; the other two 
sides are produced to meet. Find the perpendicular distance of the 
point of int(M’S('ction from the loniyer of the two^iarnllel sides. 

4. If the length of the sliadovi of a man 5^ ft. hiirh, he 18 ft , what 
is the lenprtli of the shadow of a buildiniLi' 40 ft. high 

5. If a kite is Hying at a height of 3u0 fi. with a line of 1000 ft., 
wtiat is the lieight of the middle point of the line ? 

6. A room, 24 ft. hv IH ft. is shown in plan of which the breadth 
is 4 inches. hat is the length of the plan of the room ? 

7. If the distance from London to Calcutta, viz , 4000 miles, is 
shown on a map by 16 inches, what length will be shown in the map 
for the distance between Calcutta and Tlombay, of 1200 miles ^ 

8. Jf the diameter of a circle be (5 inches, what is the side of 
an inscribed equilateral triangle ? AVhat is it, of an inscribed regular 
hexagon ? 

9. The radius of a circle is 4 inches. Find the side of the 
cii;cumscribed equilateral triangle. 

10 If the sides of a regular ociugon be 1 inch.es, Hnd the radius 
of t he inscribed circle. 
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19. Circles are all similar figures. 

(a) AB be the chord of a circle of which C is the 
centre. CD is drawn perpendicular to AB, and produced 
both ways to meet the circumference at E and F. 


Join AE, EB*and AF. 

Since FCDE is perpendicular to 
AB, AB is bisected at D, i. e., 

AD = DB. 

Hence AE = EB. 

AE and EB are chords of half the 
arc AEB. DE is the rise of the arc 

AEB. 

Since the triang;les AFE, DFA 
and ADE are similar : * 

ED AE 


( 1 ) 


EA EF 


or, AE“=EDxEF; 


Hence ED = 


EA* 

EF 


EF 


EA- 

ED 



That is : 

Rise of arc. ED = |4' = 


Diameter, EF = 


EF diameter of circle 
EA® (chord of half the arc) 


ED , rise of arc. 

Chord of half the arc, EA = EF x ED 

-- ^ diameter of circle x rise of arc. 


Thus, if any two of the 3 quantities be given, the 
third is found. 


Inscribed in a circle of radius R, 

R 

rise of arc. (i) for an equilat. triangle = 2 
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(ii) for a regfular hexagon, « R - per p. to side F 

= R- 18. a) 

(iii) for a regular octagon, ^ R - radius of in- 

scribed circle 

# 

' .= R- |(y2+l). 

where s is side (ex. 12, page 74) 

(iv) for a regular dodecagon, « ; 

R 

since in this case, AD-iAB=^- 

<2) |§ = ^oi AD« = ED‘xDF; 

AD DF 


u Vr, AD'* r»t. AD* 

Hence ED- p-j-; DF-gg.. 

The chord of circle. AB = 2AD = 2 /ED ?W 

“2N/^Product of segment of diam. made by the chord 

= 2/ED^EF^ED) 

= rise of arc x (diameter rise of arc) 

= 2^^-x(EF-ED) 

EF 


= 2V 


/(chord of half arc)^ 


diameter 

The diameter of circle, EF = ED + DF 
(half chord) 


X (diameter - rise of arc) 




rise + 


rise 


EA* EF* EA» 

DE y EA» - AD “ EA* - GAB)* 

(chord of \ arc)^ 

V (chord of 1 arc)* - (i chord)’* 
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(6) The ratio of the length of the circumference of 
a circle to the length of its diameter is a constant 
quantity for all circles, but is incommensurable. The 
ratio V is however considered sufficient for practical 
purposes. A more accurate figure for the ratio is 

3T4159265 or 3*141^, and is denoted by the Greek 

letter 


It is also nearly equal to v 10 
Thus we have, diameter 

circu mf erence 
•n 


-2 radius* 



That rs, angle 


or circumference = IT diameter 
= 27r radius. 

(c) The angles subtended at 

the centre of a circle are propor- Pig 02 

tional to the arcs subtended by them. 

AOB _ arc AB 
BOC arc BC 

The angle at the centre of a circle is 360'’ and is 
subtended by the circumference of the circle. 

Thus we have, . — 

circumference 

angle subtended by the arc 
3 ^" " 

When any .two of these 3 quantities are given, the 
third is easily found out. 

(d) The length of an arc is given in terms of the 
chord of half arc as follows : 

Length of arc - ^ ^ chp«-do/i .gr c - cho r d ofarc 


But this rule is not very accurate. 
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Examples. 1 . In a circle, a chord is 12 ins. long 
and the height of the arc is 3 inches. Find the diameter. 

Half chord = 6 ins. ; diameter - rise 6 x 6/3 ^ 12 ; 
diameter = 12 + 3 = 15 ins. 

2 The height of arc is 7 inches ar\d the chord of 
half the arc, 35 inches ; find theVadius of the circle. 

1 . 35x35 , 

diameter = — ^ =175 ms. radius ^87?. inches. 

3. In a circle of diameter 50 inches, the height of an 
arc is 5 ins. ; find the chord of half the arc. 

Chord of half the arc = yf 50 x 5 = v^25() = 15 81 ins. 

4. The chord of an arc is 40 inches, and chord of 

half the arc is 25 inches ; find approximately the length 
of the arc. . 


Length 


25x8-40 200-40 
” 3 ” 3 


^^ = 53’33 inches. 


5. A circular plot of land is 21 ft. radius ; what will 
be the cost of enclosing it, at anna one per yard ? 

Radius is 21 ft ; circumference = 22/7 x 42 

= 132 ft. = 44 yds. 

Cost is 44 annas = Rs- 2 - 12-0 annas. 

6 . A man can walk round a circular plot of land 

in 20 minutes. In what time can he cross it diametrically ? 

22 4 

Jn, 20-^-y =7 X 10/11 = 70/11 = 671 minutes. 


7. Find the sides of squares inscribed in and 
circumscribed about a circle of 10 ft. radius- 
Side of the circumscribed square 

= diameter of the circle = 20 ft 
Side of the inscribed square 

= radiusx /2-10/2=-1414 ft. 



8. The diameter of a wheel is 2 feet. How many 
times will it turn, to go over a circular path of 100 feet 
radius ? 

Diameter of wheel** 2 ft. 

circumference = 44, 7 ft. 

Radius of the path 100 ft. diameter is 200 ft 
22 

circumference = y ^ 200 ; 

number of turns = 100 times. 

9. A man takes 4 minutes more to cross a circular 
plot of land by the circumference than .by the diameter, 
walking at the rate of 2 miles an hour. What is the 
diameter of the plot ? 

2 miles in one hour is equivalent to 2 x 1760 x 3 ft. in 
60 minutes, or 176 ft. in 1 minute, or 4 x 176 = 704 ft in 4 
minutes. Seinicircumference - diameter = wr - 2r =* 704 ft 

diameter = 2r = = 1232 ft. 

Tr-2 

10. The radius of a circle is 42 inches ; find the 
length of the arc which sul?tends angle of 45 degrees 
at the centre. 

Radius is 42 ; that is, diameter is 84 and circum- 
ference is 22 X 84/7. 

arc subtending 45 degrees =»l/8th of the 
circumference 

_22 x 84xl 
7x8 


231/7 = 33 inches. 
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1. 

EXERCISE 19. 

Find X in the following ; — 

Chord. Rise of arc. Diameter. 

Chord of half arc. 

(M 

X 

14 ins. 

2 ins. 

(2) 

— X 

24 ins. 

5 ins. 

(3) 

— 2 ins. 


6 ins. 

(4) 

ins. 

ir 

3^ ins. 

(5) 

— 3 ins. 

20 ins. 

X 

(6) 

— J ins. 

16 ins. 

X 

(7) 

X 2 ins. 

20 ins. 

— 

(H) 

X H 

15 ins. 

— 

(») 

X ins. 

15 ins. 

— 

(10) 

X 2 ins 

20 ins. 

— 

(11) 

10 ins, 3 ins. 

IT 

— 

(12) 

12 ins. 2 ins. 

X 

— 

(13) 

Id ins. ^ — 

.r 

10 ins. 

(14) 

12 ins. — 

X 

8 ins. 

2, 

Find the length of a chord 

which meets a 

diameter at right 

angles i 

\nd divides it into 2 segments as follows : 



(1) 4 aTid 8 inches . 

(2) 2 and 

8 inches : 


(3) 3 and 12 inches : 

(4) 6 and 

14 inches : 


(5) and 16 inches : 

(6) find 

IH inches. .- 


3. Find .r in tho following ; — 

Diameter. Radius. Circumference, ins. 


(1) - 

X 

14 

(2) j- 

— 

25 

(3) X 

— 

28 

(1) 

— 

94 

(6) - 

X 

65 

(6) - 

X 

86 

(7) - 

X 

. 58 

(8) .T 

— 

144 

4. Find the length ( 

of an arc of a circle of (a) 12 inches circum> 

fereiice, (b) 8 inches radius, which 
tho centre — 

subtends the following angle at 

(1) BO' : (2) 

46° : 

(3) 80”! (4) 73': 

(6) 90' (6) 

120° : 

(7) 3fi” : (8) 100” : 

6. A string is coiled 24 times on a cylinder, 4 inches in diameter ; 
what is the length of the string ? 
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6. A man, by walking diametricallj’ across a circular grass plot, 
finds that it has taken him 45 seconds less than if ho had kept to the 
path round tho outside. If he walks 80 yards a minute, what is the 
diameter of the grass plot ? 

7. The difference between the circumference and diameter of a 
circle is 60 ft. Find tho radius. 

8. The times taken by a cyilist going at a steady rate, respectively 
round the outer and inner edges of a circular track, are ns 23 to 22, 
and tho width of the track is 15 ft. Find the diameter of the circle 
forming the i]incr edge of the track. 

9. A road runs round a circular plot of ground ; tho outer circiim* 
ferenco of tho road is 44 yards longer than the inner ; find tho breadth 
of the road. 

10 The chord of an arc is 5 feet, and tho diameter of the circle 
is 7 feet , find the height of the lire in inches, 

11. Tho chord of an arc is 8 yn^ds and the chord of half the arc 
is 13 feet. Find the diameter of tho circle. • 

12. The chord of an arc is 10 feet, and tho height of the arc is 2 
yards. Find the diameter of tho circle and the chord of half the arc. 

13. The chord of an arc is 30 feet, and the chord of half the arc 
is 19^ feet. Find the, diameter of the circle. 

14. Find the length of an arc of a circle, whose radius is 0 feet, 
the chord of the arc being 8 feet, 

13. Tho radius of a circle is 7 feet. Find the perpendicular from 
the centre, on a chord, 8 feet long. 

16. Two parallel chords in a circle are 6 inches and 8 inches long, 
and 1 inch apart. Find the diameter. 

17. The span of a bridge, the form of which is an arc of a circle, 
being 96 feet and the height 12 feet, find the radius. 

18. The diametey of a circle is 12 foot ; find the side of a square 
inscribed in it. 

19. Find the length of the minute hand of n clock, the extremity 
of which moves over an arc, 5 inches in length, in 3^ minutes. 

20. A perfectly flexible rope of 2f inches diameter is coiled closely 
upon the deck of a ship and there are 24 complete coils. What t» 
the length of the rope ? 

jO; I 


6 



SECTION 5. 


MENSURATION CONTINUED. AREAS. 
RECTANGLES. TRIANGLES. QUADRILATERALS. 

oircl:Ss. 

20. (a) The area of a rectangle is the product of 

its base by the height ; or, of any two of its adjacent 

sides, i. e., length and breadth- 

If a and b be the 

sides, area = a. 6 * 

area , , area 
or, and & = — 

CC That is, each side is 

area divided by the other 
side. 

(6) The area of a 
square is the square of 
the length of a side. 

Thus if a be the side, area = a* ; 
or a = area. 

That is, the length of a side 
of a square is the square root of its 
area. 

Fig. 64 

* The product of rt units of length and 6 units of length i« taken to 
be (i.h square units of area, by calling ihe area of a square, uf 1 unit 
of length, broad, and 1 unit of length, long, the unit of area. 



5 


CC 


b 

Pig. 63 
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(c) The area of a parallelogfram is the product of 
its base and its height, or perpendicular distance 
between the base and its parallel side. 



If b be the base and /i, height on />, area = A. 6 
Also, h — area/ A, and A — areal ff. 

[Similarly, height on a = where a is one of the 

a 

other sides.] 

{d) In case of a trapezoid, the area is the product 
of the mean length of the two parallel sides and the 
perpendicular distance between them. 

Examples. 1. The area of a rectangle, whose 
breadth is 12 feet, is equal to that of a square, whose 
side is 18 feet. Find the length of the rectangle. 

Area of square «= 18 x 18 sq. ft. 

Length of rectangle = = 27 feet. 

2. Find the cost of paving a square room, whose 
side is 25 feet, with marble, at Rs. 1-4-0 per sq. foot. 

Area of room = 25 x 25 sq. ft. 

At Rs. 1, 4 as. per sq. ft, cost of paving 25 x 25 sq. ft 
»Rs. 625 -f Rs. 156. 4 as. *Rs. 781. 4 as. 
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3. Find the area of a veranda 8 ft. 4 inches by 2 ft. 
Length “8 ft. 4 inches « 100 inches. 

Breadth ~ 2 ft. « 24 inches. 

Area = length x breadth «= 100 inches x 24 inches. 

= 2400 sq. inches. 

= sq. ft. = 16 sq. ft. 96 sq. ins. 

= 1 sq. yd. 7 sq. ft. 96 sq. inches. 

4. Find the cost of metalling a pathway, 4 feet wide 
round a bungalow, 64 feet wide, and 100 ft. long, at the 
. rate of 8 annas per sq. foot. 

Total area of pathway 

-twice 100' X 4' 

+ twice (64' + 4' + 4') x 4' 

= 800 sq. ft + 576 sq. ft. 

= 1376 sq. ft. 

At 8 annas per sq. ft., 

1376 sq. ft. costs Rs. 688- 

5. What would the papering of the outside walls 
of the above bungalow cost, if they are 121 ft. high, 
allowing 20% for doors and windows, at 2as. per sq. ft. 

Allowing 20% for door etc., total area 

= 2 X 64' X 10 + 2 X 100' X 10' = 3280 sq. ft. 

Total cost at 2 as. per sq. ft. - * Rs. 410. 

o 

6. Reduce (1) 21 sq yards to sq. inches and (2) 
1 sq. bigha to sq. yards. 



rig. 60 
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(1) 21 sq. yds. **21 yds. x 1 yd. 

=*(21x3) ft. X 3 ft. 

*=(21 X 3 X 12) ins. x (3 x 12) ins. 

*=27216 sq. ins. 

Or tables could be used to get the result directly. 

(2) 1 sq. bigha -= 80 dibits x 80 cubits 

= 40 yds X 40 yds. 

= 1600 sq. yds. 

7. Find the perimeter of a square, whose area 
measures 25(X) sq. ft. 

One side of the square = 1/2500 = 50 ft 
Perimeter, or sum of ^ sides = 4 x 50 = 200 ft. 

8. The base of a parallelogram is 5 yds. 2 ft. Itsr 
height from the base is 3 yards !• foot What is its 
area ? 

Base = 5 yds« 2 ft = 17 ft. 

Height = 3 yds. 1 ft. = 10 ft. 

Area = 170 sq* ft = 18 sq. yds. 8 sq. ft 

9. The depth of a tank is 10 feet. The bottom is 
120 feet wide and the water surface, 180 feet wide. If 
the side slopes are straight, find the least area of 
the cross section of water in a vertical plane. 

Mean length of 2 parallel sides® ^^^—^^“150 it. 
Area = 150 x 10 = 1500 sq. ft. 

EXEBCISE 20. 

1. Find the area, when the length and breadth are— - 

(a) 7 yds. and 3 ft. 

(b) 7 yds. 1 ft. and 4 ft. 6 in- 

(c) 1 bigha (linear) and 36 cubits. 

(d) 48 yds. 2 ft. and 120 yds. 1 ft. 0 in. 



86 


MENSURATION AND SURVEYING. 


2. lloduce : — 

{n) 1 acre to square bighas. 

(;>) to acres, an area of 100 yds. X 100 yds 
{(') 20 8 ( 1 . bighaa to scj. yards and acres. 

{<!) to acres, an area of 1 inileXl mile. , 

3. Find the cost of carpeting a room, 16 yds. X 12 3 "d 8 . at Ra. 2 
per s(j. yard. 

4. llow many tiles ( 1' X 1' in fti/.o ), will be needed to cover a 
roof 18 yds. X 15 yds. ? If tiles sell at Ks. 30 per thoupand, what 
would be the cost 

5. If in metalling a road, every scp yd. costs Rs. 2., what would 

be the total cost jior mile of mcdalling a road, 40 ft. wide ? 

• 

6. Round a house, 15 yds long and 12 yds, wide, there is a 
pathw^ay 3 ft. wid(', w’hich is to he paved with W’Dad. If teak sells 
at 12 as. per sq. ft,, find the total cost. 

7. If marble slabs 18" X 18", sell at 8 as, each, lind tlie cost of 
flooring a room, 15 yds X12 yds. 

8. If 1" thick glass slmots cost Rs. 3 per' sq. ft., how much 
would two sky-lights 1 1 ft. wide and 6 yds. long each, cost ? 

9. Find tlip total cost ('f ''O^ering 36 wirdr.tY panes, 2'X T ead), 
if glass shcot.s, 1 yd.Xl yd. sell at 10 as. each. 

10. Find the reiu at Re. 1/1 per katha, of 15 acres. 

11. lT(wv many sipiare yards are there in a trapezoid, the parallel 
sides of which are 157‘H metres and 94 metres and the perpendicular 
distance between them, 72 metres. [1 metre— 3037 inches.] 

12. RcMpiiied the depth ol a ditch, the transverse section of which 
IS a trapezoid, area 146*25 ; breadth at top, 20 ; Ride slopes, 3 to 1 
and 2 to 1. 

13. A ditch is 30 feet wide at top and 18 feet at bottom. The 
eartli excavated from it is formed into n bank, 28 feet wide at top 
and 38 foet at bottom, and 10 feet high. What is the depth of 
the ditch ? 
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14. The area of the two side walls of a rectangular room is 806 sq. 
feet ; the area of the two end walls, 540 sq. feet. Find the dimensions 
of the room. 

21. (a) The area of a triansfle is half the product of 
its base by the hpight. 

If 6 be the base and /i, height of any triangle, 
area = } (6 x A). 

Also, 6 = 2 and /. = ^. 
n 0 

When the sides a, 6, c, only, 
of a triangle are given, the area 
is obtained as follows 

First find s = 

Then, (s-a), (s-b), (s-c) 

Fig. 07 

Area = v s (s - a) (s- b) (s-c) 

(b) The cases of quadrilaterals follow from the case 
of triangles, as a quadrilateral can be divided into 
two triangles, by a diagonal. Hence the area of a 
quadrilateral is the sum of the areas of these two triangles. 

Thus, if BD divides the quadrilateral ABCD into 
^ triangles ABD and BCD, and 

CE and AF are perpendiculars 
/ \ from C and A, 

/ Area ABCD 

/ ~ Areas (ABD + BCD) 

/ / - i( AF.BD) + i(CE.BD) 

^ i BD ( AF + CE) 

Fig. 08 That is, the area is the half 
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product of a diagonal and the sum of the perpendiculars 
on it from the opposite corners. 

(c) In case of a parallelogram, offset (art- 17, b) 
AF *= CE and the area = diagonal x offset on diagonal. 

(d) In case of a rhombus, the sides are further 
equal and as the diagonals bisect each other at right 
angles ; area= I product of diagonals. 

(e) Area of a quadrilateral, whose diagonals cut 
each other at right angles, is also given by the same 
formula, that is, I product of diagonals. 

(/) When the sides and a diagonal of a quadrila- 
leral are given, the area of 2 •triangles into which the 
quadrilateral is divided by the diagonal, can be found 
by the application df the formula : 

Area = - a) ($ -b) (s- c) 

Examples* 1. The base of a triangle is 3 ft. 6 ins. 
and its area is 7 sq. ft. What is its height ? 

Height = = = 4 ft 

base 3t ft 

2. Find the area of an equilateral triangle, whose 
perimeter is 12 ft* 

Side»V=“4ft 

Perpendicular = 4. ft. 

Area = i .4 x 4 x =- 4v'^3 = 6'928 sq. ft. nearly* 

Or,s==V=“6; s-a-5- 6 = s-c«2 ; 

area « \/s(s - a) (s - 6) U - c) = 6.2.2.2. = 4\A3 

=■ 6*928 sq. ft* nearly* 
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3. The sides of a triangle are 7, 8, 9 feet respectively. 
Find its area and perpendicular to the 9 feet side- 


7+8+9 

2 


-12 ft. 


s - a = 5 ft. 
s - 6 = 4 ft. 
s - c = 3 ft. 


Area =y 12.5.4.3= 12/5 ft 

Perpendicular on 9 ft. side -- 


- ;f 5 “ 5*92 ft nearly. 


4. A diagonal of a parallelogram measures 5 yards 
and the area of the parallelogram is 20 sq. yds. Find 
the length of the perpendicular on the diagonal from 
a corner. • 


Area of } parallelogram ~ 10 sq. yds.- area of triangle. 

Height of triangle = = 4 

base 5 yds. 


EXERCISE 21. 

1 . The diagonals ot a rhombus uro 6 ft. and 8 ft. Find the 
area. 

2. The diagonals of a rhombus are 72 and 96 ; find the area and 
the lengths of its sides. 

3. Each side of a rhombus is 36 feet and one diagonal is 18 feet. 
Find the area of the rhombus. - 

4. The area of a mat in the form of a rhombus is 8 sq. yaids and 
the perimeter is 36^feet. Find its perpendicular breadth. 

5. The side of a rhombus is 20, and its longer diagonal is 34'64. 
Find the area and the other diagonal. 

6. < The diagonals of a rhombus are 4 ft, and 1 ft. 2 inches. Find 
the sides and the area. 

7. The sides of a triangle are 25, 39 and 56 feet respectively. 
Find the perpendicular from the opposite angle on the side of 56 feet. 
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8. Tlie area of an acute angled triangle of 336 aq, feet and the 
eidoH are 26 ft. and 30 feet. Find the haso. 

9, Tho area of an equilateral triangle is 25 sq. ins. Find its 
perimeter, 

10. Tiie sides of a triangle are 68, 75 and 77 feet respectively. 
Find tho length of tho perpendicular on^77 feet side, from tho opposite 
angular point 

11. TJie sides of n triangle are 7, 24 and 25 feet respectively. 
Find the area. 

12. Tho sides of a triangle are 143, 407 and 440 ^ds. respectively. 
Find tlie rent of tho hold at £2. 3a. per acro. 

13. An e(]uilatc}ral triangle inonsuros 1 acre. Find the length of 

a side in feet. ^ 

14. Tho sides of n triangle are in the ratio of 13, 14 and 15 and 
tho porimotor is 50 yards* Find the area, 

15. The sides of a triangnilar Hold are 191, 245 and 310 foot ; find 
the area in acres. 

10. Wlmt is tho side of an eciuilateral triangle, w'hieh has as many 
square yards in its area as lineal yards in its pprjplfor_\. 

17. A garden containing 1 aero, is in tho form of a right-angled 
isosceles triangle A walk pas.'jing luund it at 6 feet from tho 
beiindurv wall oeciipies one-fourth of the wliolo garden. Find tho 
width of tho walk. 

18. Tho base of a triangular held is 1210 yards, and the height is 
496 yards ; the field is lot for £24vS, a year. Find at what price per 
acre, the held is lot. 

19. Find the side of an equilateral tiiunglo. w^^oso area is 5 acres 
(give the answer in foot). 

20. A triangular held, whose sides measure 375, 300, and 225 yards, 
is sold for i^8500. Find tho price per acre. 

21. In a place where land cost A* 40 an acre, a triangular field, of 
which one side measured 302 Mirds I foot 6 inches, wns bought for 
€3(^0 What was the lieight of this triangle in yards ? 
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22. The sides of a triangle are 17, 15 and 8 inches ivepectivoly. 
Find the length of the straight line joining the middle point of 17 ins. 
side to the opposite angle. 

23. The sides of a triangle are 25,101, 114. Find the two parts 
into which the longOvst side is divided by the p(‘rpc*ndicular from the 
opposite angle. • 

24. Find the area in acres of a field ABOD : AD = 220 yards, BO 
«= 285 yard, AO = 378 yard.s, and the perpendiculars from D and B 
meet the diagonal in E and P, so that AE“100 and OP = 70 yards. 

25. Calculate the area of a trapezoid, ihe sides of whieh, taken in 
order, are 13, 11, 15, and 25, with the second, p.aralh i to the fourth. 

26. One diagonal of a quadrilateral which lie.s outsiilo the figure 

is 70 feet, difference Initw'een the perpcntliculnvs upon it from angular 
points, is 16 feet. Find the afea. « 

'4 

27. Find the area of a quadrilateral ABCD, given AB = 30 inches, 
BO = 17 inches, CD = 25 inche.s, DA ■ 28 inct'.es, BD ‘=5 26 inches. 

28. ilow many S(p(aro yards are contained in a (luadrilateral, one 
of its diagonal being 60 yards, and the perpcndicniar.s upon it from 
angular points, 12‘6 and 11'4 yards 

29. In a trapezium ABCD, AB = 315. BC = 156, CD = 323, 
DA" 192 ; the diagonal AC=43,s. Find the area. 

30 A railway platfcu'm has two of its opposite sides parallel, and 
its other two sides equal; the parallel sivies are 100 and 120 feet, 
respectively, and tl.(? equal sides arc 15 feet each. Find its area, 

;o: 

22. (a) Area of a circle can be found by multiplying 

22 

the .square of the radius by ir, or 3’1416 or ^ 

Thus, if r be the radius OA (Fig. 69), and c/, the dia- 
meter AC, of the circle AEC, area of circle 

Also, if the area of a circle be given, the radius can 
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be found out by dividing* it by w and finding the square 
root of the quotient. 



-nd 


That is, r- 


rarea 

TT 

Also since circumference, 
c « 2wr, 

the area of the circle 
27rr.r cr 
2 “ 2 

= i product of radius 
X circumference. 


= 7r/-‘ 


=* 07854 X (diameter)* 


== "lij;. = = 0*07958 (circumference)® 

The area of an ellipse of axes 2a and 2b is equal to w ab, 

(b) The area of a sector is equal to half the product 
of the length of its arc and its radius. 

That is, area= '^, where / is the length of arc AB, 

angle in degrees at the centre ^ r 

“ 360 ~ ^C2 

Conversely, the angle at the centre can be found from 
the radius or the area. 

(c) The area of a segment of a circle is the differ- 
ence between the area of its sector and the triangle 
formed by the radii and the chord. 

That is, area of segment — - area of triangle AOB. 

(d) The area of a circular ring is obtained by sub- 
tracting the area of the smaller circle from the bigger. 
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If R and r be the radii, area^^wR* -Tfr*. 

(e) The area of a triangle 

“radius of inscribed circle x semi-perimeter of 
triangle, 

= _ sides of triangle 

4 X radius of oircumscribed triangle. 

(/) The area of a quadrilateral of sides a, b, c, d, 
inscribed in a circle 

= /(s - a) (s - b) (s - c) (s - dj, 

where s = 

JO; 

Examples 1. Fin8 the area of a circle of (a) radius 
7 inches, (b) diameter, 7 inches, (c) circumference 
12’56 inches. 

Find the area of an ellipse of 5" and 7" semi-axes. 

(a) Area = 1^7* « x 49 = 154 sq. inches. 

Tr7* 

(b) Area * — — = 38i sq. inches, 

(c) Area « *= 12‘56 sq. inches. 

12 DO 

99 

Area of ellipse 5. 7 = -;^x5x7 - 116 sq. in. 

2. If the area of a circle be 33 sq. inches, find 
the (a) radius, (b) diameter, (c) circumference of the 
circle. 

(а) radius, “ a/ >^ 33^^^“ l/V’^3'24 inches 

^ nearly. 

(б) Diameter =* 2 x 3'24 = 6’48 inches nearly. 

(c) Circumference = \/^33 X 4w = 20*3 inches nearly. 

3. If an arc of a circle of 2 inches radius, subtends 
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an angle of 60° at the centre, find the area of the sector 
and of the segment. 

Length of arc — x 2 x V x 2 = 2*1 inches nearly. 

Area of sector -=2'1 x -=2*1 square inches. 

Area of segment * 2*1 3’!^ = 0*3 scf. inches nearly. 

4 From a circle of 8 inches radius, another of 6 
inches radius, is cut off. Find the area of the space left. 
Area of bigger circle = 

Area of smaller circle = “^6“ 

Area of ring = (8‘^ - 6'^ ) = V x 28 

= 88 sq- inches. 

5. The sides of a triangle are 6, 7, and 9 feet 
respectively. What are the radii of the inscribed and 
circumscribed circles ? 

Area of triangle = v^ll x 5 x 4 x 2 = 21 sq. ft. nearly 

Radius of inscribed circle = ? 1 = 1*9 feet nearly. 

Radius of circumscribed circle - 

4x21 

= 4j ft. nearly. 

6. The sides of a quadrilateral are 75, 75, 100 and 
100 ft, respectively, and it can be inscribed in a circle. 

Find its area. 

, 75 + 75 + 100 + 100 

5-100 = 75 
5-75 = 100 

Hence area = v^75 x 75 x 100 
= 7500sq. ft. 

7. Find the angle subtended at the centre of a circle 
of radius 4 inches, by an arc, 3 t inches long. 

Angle at the centre « 360 x ^ = 45 degrees nearly. 
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EXERCISE 22. 

1. AssumiDg that the circumference of a circle is JU times 
tlie diameter, find the circnnifcrence of the circle whose area is 
1386 8(1. ft. 

2. Find in rards, correct to 3 places of decimals, the radius of a 
circle which cucIosoh one acrej 

3. The area of a circle is 38."» acres. Find its circumforenco. 

4 The radii of 2 circles aio (> and 8 feet respectively. Find 
the radius of a circle, whose area is eriiial to the sum of the areas 
of the two circles. 

5. A road runs rtJund a circular grass plot : the outer circum- 

ference is r>00 yards; iho inner circuinl’erenco is 300 yds. Find t ho 
area of the road. * 

* 

6. A circular grass plot, whoso diamet(ir is 40 yards, contains a 
grave] walk 1 yard wddc, running round it/ one yard from the edge : 
find vvliat it will cost to turf the grass plot at 4f? per sep yard. 

7. Find the area of a grav.d path, 4 feet wide, round a circular 
plot, whose diameter is 55 yards, 

8. In cutting t ecpioi circhjs, the largest possible, out of a piece 
of cardboard 10 inch H.juare, how many square inches must necessarily 
bo wasted ? 

9. If a circle haa the same perimeter as a triangle, the circle has 
the greater area ; verify this .statement in the case where the sides 
of a triangle are 9, 10 and 17 feet. 

10. The radius of the inner boundary of a ring is 14 inches ; the 
area of the riug is 100 sq, inches ; find the radius of the outer 
lioundary. 

11. (a) The area of a circle is 60 sq. yds. Find the radius. 

(b) The semi-axes of an ellipse are 7 and 9 ins. Find 
the area. 

12. The width of a circular walk is 4 feet, and the length of the 
line which is a chord of the outer circumference and a tangent to the 
inner circumference is 20 feet ; find the area of the walk. 
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13. Find the area of the sector of a circle with radius 35 feet, the 
angle of the sector being 15°. 

14. A chord of a circle subtends an angle of 60° at the centre ; 
if the length of tho chord bo 300, find the areas of the two segments 
itito which the chord divides the circle. 

16. The length of the arc of a circle is 14 feet ’and the radius is 
10 feet ; find the area of the sector. 

16. Find the area of a sector, where the radius is 50 feet and the 
length of arc, 16 feet. 

17. Find the area of a segment of a circle, whose radius is 6 feet, 
tho chord of whose arc is H feet. 

18. Find the area of zone of a circle, contained between the 
parallel chords, whose length are 96 and 60 inches, and their 
distance apart, 26 inches. 

19. Find tho area of Uio zone of a circle, whose diameter is 20, 
the parallel chords being 12 and 16 long, and both on the same side 
of diameter. 

20. Tho lengths of the hour and minute hands of a clock sro 
10 and 13 inches rea]>ootively • find tho difference between the areas of 
tho sectors described by the hands, between 11 hours 48 minutes and 
12 hours 14 minutes, 

21. Given the chord, 20 feet, and height, 4 feet, of an arc of a 
circle, find the area of the segment. 

22. The chord of a sector is 6 inches, tho radius is 9 inches ; 
find tho area of the sector. 

23. Find the area of a sector and of the segment of a circle, whose 
chord is 24, and height 6. 

24. The diameter of a rupee is inches ; if three of those coins 
be placed on a table, so that tho rim of each touches two others, it is 
required to find the area of the unoccupied space between thorn. 

26. Find the urea of a. segment of a circle whose radius is 12 and 
chord, 16. 

26. What is the area cf die sector of a circle whose arc of 
24 degrees, measures 10 feet ? 
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27. The radius of a circle ia 15 feet ; two parallel chords are 
drawn on tho same side of centre, one subtending an angle of 
60® at tho centre and tho other, an angle of 120° , find the area of tlie 
zone enclosed between tho cdiords. 

2H, The four sides of a quadrilateral inscribed in a circle are 80, 
60, 50, and 86 feet ; required the area. 

29. ABCD is a fiuadrilateral, right-angled at B and D : also 
AB =36 chains, BG=77 chains, CD - 68 chains ; find the area. 

30. AC is the diameter of a circle and a diagonal of tho inscribed 
quadri]at(3r;il ABCD ; given AB = 30, BC = 40, CD=10, find AD and 
tho area of tho (jiiadrilateral. 

31. Tl>e radius of a circle inscribed in an e<pii]atcral triangle is 
10 feet . find the area of the triangle 

32. Find the diameter of \ho circle round a triangle, whoso sides^ 
are 12.3, 122 and 49. 

33. The sides of a triangle are 21, 3 nud feet; find in incljes, 
tho radii of the inscribed and circumscribed ciroh- ^ 

34. Find tho length of a side of an equilateral triangle inscfibcd 
in a circle, 8 inches in diameter. 

35. Three aides of a triangle inscribed in a circle are 120, 160 and 
1 60 feet respectively ; find tho difference betweeu tho areas of the 
circle and the triangle. 

36. Find the diameter of the circle circumscribing a triangle, 
tho sides of which are 68, 285 and 293 feet respectively. 

37. Given a circle of radius 1 foot ; find to 3 places of decimals, 
the sides of an equilateral triangle iui»cn bed in it. 

38. Two sides of a triangle are 86 and 154 ft. respectively, and 
the poiimeter is 324 feet ; find the diameter of tho circle described 
round the triangle. 
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23. (a) The area of a reg-ular polygon can be found 

by dividing it into equal triangles, by joining the 
central point to each of the angular points and multiply- 
ing the area of a triangle by the number of sides. The 
area of a triangle, it will be noted, is half the product of 
a side of a polygon, into the altitude ’ of the triangle, 
which is 

(1) the radius of the inscribed circle, or, 

(2) the square root of (square of the radius of 
the circumscribed circle minus square of half a side). 

Thus, if n be number of sides, a, length of a side, 
area when r is radiusiof inscribed circle, or, 

\ \ / \ where R is radius of the 

\ Y / ^ \ circumscribed circle. 

^2 ^ Hexagon, 

.... ^3aV3 


Fig. 70 


. Q \f 3, . n 

Since ^ - \ or since K = a. 

In an Octagon, area^4.a.a.^^ =4*8a% [§ 19, iii) 

since altitude of component triangle = ^ 

2 \/2 

lEx. 28, p. 72J. 

In a Dodecagon, the altitude is a® (2+ 

R® being a®(2+ v^3), [§ 19, ivl. 

Area is altitude x a x 6. 
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{b) The areas of irregular rectilinear figures are 
found by the method of base line and offsets, as outlined 
in article 21 (6), in case of a quadrilateral. One base 
line is often enough, but if more lines are found con- 
venient, areas outside or inside the base lines have to be 
added to, or subtracted frj>m, the area bounded by the 
base lines. 

(c) The areas of irregular figures may be found out 
by drawing them on square paper. The small squares 
on the paper are of known dimensions but near the 
boundary, the figure will cut the squares irregularly. In 
such cases, the squares, of which more than half is 
included within the figure, ^re counted, while others are 
neglected, so that an approximate sum of the total area 
is obtained. 

( J) The Simpson’s rule, already explained in article 
15, gives the areas of irregular figures, as follows ; — 

, . cpmmon distance 

area - product of— 2 

and sum of 

(1) first ordinate plus last ordinate, 

(2) 2 X sum of remaining odd ordinates, 

(3) 4 X sum of even ordinates. 

(e) Areas of similar figures are as the squares of 
their corresponding sides. 

Examples. 1- Find the area of a regular hexagon of 
4 inches sides. 

Each of the 6 equal triangles, into which the hexagon 
can be divided, has a base = 4 inches. 

and altitude = 2 v/^3 = 3*6 inches nearly. 

Hence area = 6 x ^ x 4 x 3’6 « 43*2 sq. inches. 
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In this case, the altitude of a component triangle, or 
radius of inscribed circle can be deduced from the side, 
as has been done. 

2. Find the area of a regular octagon of 4 inch sides. 
Here, altitude = 4 x 1*2 = 4*8 inches nearly. [Ex. 28, p.72[ 

g 

Hence area ==2 x 4 x 4*8 = 76*8 sq. inches. 

3. AOCNBM is an irregular figure as shown : 
Diagonals AB = 6, AC =7 and BC = 8, respectively. 

A 



Fig, 71 

Find the area, when perpendiculars or offsets on base 
lines AC, CB, BA, measure as follows : — 

MD = 2,OE = lJ, FN»3. 

Area of traingle AOC = 1(7 x Ij) = V 5*25 
„ AMB=K6 x2)= V=6 

„ BNC^i(8x3)=V-12 

ABC = / V X I X X I = V /1 5 = 20-5 

Required area = ABC + AMB + BNC - AOC 
= 20-5 + 6 + 12 -5-25 
-33-25 
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4. Find the area of the figure on square paper below. 



Ftg. 72 

The side of a square between thickjlines = 0‘5 in. 

The area „ „ =0*25 sq. in. 

The side of a small square « 0*05 in. 

The area „ -0*0025 sq. in. 

Number of big. squares = 1 

Area „ ^0*25 sq. in. 

Number of small squares, (covered, more than half) 

= 330 

Area of small squares = 330 x 0 0025 = 0*825 sq, in. 

Total area : Big square — 0*25 sq. in. 

Small squares — 0*825 sq. in. 

Total area = l’075 sq. in. 

5. The ordmates of a curve are 2, 3, 4, 6, 5, 3, 2 
inches, the common distance being 1 inch. Find the 
area of the curve. 

Required area = |4 + 2x 9 + 4 x 12| 

s=^ = 23^sq. inches. 

3 3 
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6. What will be the size of the map of a district, 
which contains 676 sq. miles, on a scale of 4 miles to 
the inch ? 

Required size _ U incJO' 

676 sq. miles (4 milesK * 

required size = 421 sq. inches. 


EXERCISE 23 

1. Calc'ulatr t') tliM'o (Iffinial the area of fi rci^^-ulnr 

lioxu'^oii, oacli of wlio.«<o BideM is cnjiia] to 10 feet, 

2. IMiid llie area of a reirnlar octrai^oiial lielrl, eaeli of wliose sides 
laoMHures T) chains (k?ive the result in acies, roofla, etc). 

2. An ornanientnl ^rrass plot is in the alia])e of n regular liexaj^on, 
ejK'h side 100 feet ; within Uie ]dot and alont^ its sides, a foot path 
is made, 4 feet widi^ all round : find tlie area of tho grass plot 
left within. 

•1 A ri'gular decagon is inscribed in n circle, the radius of which 
is 10 inches. Kind tlio area. 

.j. Oompuro tlie areas of an capiilafceial triangle, a Bijuaro and a 
regulfir hexagon of ec,unl perimeter. 

H. The nrea of a regular octagon is 51 S(j. yards. Find tho length 
of its sides. 

7, Find tho area of a regular octagon, whoso side is 20 feet. 

8. Find the side of a regular octagon inscribed in a square, the 
area of which is 6+4^f2sq. feet 

D. A regular dodecagon is in.scribed in a circle, of which the 
radius is 3 inches. Find tho area of the polygon in sq. feet. 

10, The radius of n circle Is 12 foot. Find the length of the side 
of a polygon of 18 sides, inscribed in it. Calculations to be made 
to 3 places of decimals. 
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11. Mako a rough sketch and find the area of a field ABCD from 
the following measures taken in links and find the length of the 
perpendicular from A on CD. 

BMt porpoiidicular from B on AO « 400 
DNf „ „ D on AO = 300 

AM = 300* AN = 400, A0=C25. 

12. ^J’he sides of a five-sitlod ligiiro ABODE arc as follows : 
AB=25ft, BO=20ft., OD=30ft., DE=42 ft., jHui EA = 27 ft. : 
also, A0 = 3() ft , and 0E = 4r> ft. : Find its arcs. 

13. In the pentagonal fifdd ABODE, tlic length of AO = ">0 yards 

and the pcipondiculars from B, D and E upon AO are 10, 20 and lo 
yards , the distances from of the fcci of the perpendiculars from 
D Had E, being 40 and 10 yard.s • Find the area. * 

14. What is the content of the eight-sidQfl figure AB0DEFGH» 
the diagonal AE being taken as a basi, and tho perpendiculars drawn 
from tiie angular points to AE, being Bh, O'h Dd, etc., and wIkmi tho 
lengths of tho perpendiculars above tho diagonal are B^> = 204, 
C^’ = 142 r) . Dd = 221 ; and those below the diagonal are F./’=121, 
0.9 = 1955, H/i = 142 and the inlercepte«l breadths are 
Afi = 44*5; 7/6 = J24-25, ^9 = 80, 90=41, cd=130 5, d/= 50, /e = 52 5 . 

15. Draw the figures in examples 12, 13, and 14 on squared paper 
on a suitable scale and obtain the areas. 

Ifi. Take the figures in example 15 to represent yards and draw 
the figure on squared paper on a suitable scale. Find the area. 

17. Apply Simpson’s rule to find the area of a plot of a land having 
the following dimensions : 

Ordinates, 2, 7, 18, 38, 70 f(3et ; 

Common distance, 33 foot. 

18. Find by Simpson’s rule, the area of a figure, whoso ordinates 
are 9, II, 13, 12, 10, 13, 16, 17, 14, 12, 7 ft. ; base, 73 feet. 

19. Apply Simpson’s rule, to find tho area of a section, the heights 
of which above the ttailway level at intervals of 30 feet, are 2, 10, 15, 
20, 30, 26, 17*5, 10, 3 feet. 
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20, Find tlio dimensione of a triangle eimilar to one, whoso dimen- 
sions nre 50, 00, and SO feet, but which shall contain three times tho 
quontity . 

21, A board is 12 inches wide at ono end and 9 inches at tho otlier 
end, and its length is S feet : how far from tho broad end must it be 
sawn across, ho as to divide the plank'into two equal portions. 

22, A circular hole is cut in a circular plate, ho that the weight 
may bo reduced by one-third : find the diameter of the hole as a frac- 
tion of that of tho plate. 

23, A drawing iw copied to a scale, one half as large again, as the 
original scale ; in what ratio is the surface augincnted ? 

2d. On a map drawn to the scale of — — , the sides of a rect- 
‘ ^ 10000 ’ 

f|ngular field are 0 05 and 0 72 ins. ; find the area of tho field in acres 
and tho length of tho diagonal in yards. 

t 

25, Find tho scale to which a plan is drawn, 1 sq. inch represent- 
ing 10 acres. 

2H.. The sides of a triangle are 39, 52 and 65 feet, respectively ; 
find the sides of a similar triangle of 9 times the arpa. 



SECTION 6. 

MENSUBATION— VOLUMES. 

Surface area$ and Volumes of solids, Prisms, 
Parallelopiped, Cylinder, Pyramid, Wed^fe, 
Cone and Sphere. 

24. (a) A solid is a figure having length, breadth 

and thickness and is bounded by a surface or surfaces, 
on all sides. When the surfaces of a solid are planes, 
they are called faces. The lines of intersection of the 
faces are called edges- 

A prism is a solid with plan^ faces, whose end 
faces (top and base) are two equal figures, lying in 
harallel planes and whose other faces (sides) are either 
(1) rectangles, when the prism is called a right prism ; 
or, (2) paralletograms, when the prism is called an 
oblique prism. 

It is called triangular, rectangular, square, pen- 
tagonal, hexagonal, etc., according to the shape of 
the end faces. 

A cube is a right prism having six equal square 
faces, contiguous faces being at 
right angles. The edges are equal 
and the length, breadth and height 
of a cube are the same as the edges. 

If a denotes the length, 

area of each face == a x a * a”. 

Total area of 6 faces = 6a* Eig. 73 

Volume of cube “length x breadth x^height “ a*. 
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(b) A rectangular solid is a right prism, having 
6 rectangular faces, opposite faces being equal and 
parallel. 

If / denotes the length, 6, breadth and A, height 
of the rectangular solid : 

Areas of 3 faces are / x 6, 5 x A and Ax/ respectively. 

Total area = 2(/A + bh + lb)- 
Diagonal of face /A, = l^ + b^ 
,, bh, = + A‘ 

„ /A,^//^TP 

Vplume = length x breadth 
Fig. 74 ^ height, 

^area of ba^e x height. =^Lb.h^ lb. bh. Ih. 
yf product of 3 contiguous faces. 


r 

2 

z 

V 

F 

1 

1 


r f 

* 0 

/ i 

7// 

/ ^ 

i 
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Diagonal of the solid is the distance between 
two opposite corners, through the centre of the figure 

= v^/‘^ + (A^+ A’^)= v^A^ (7“7- A^}= v^A^'+ (F'^V) 


There are 4 such diago- 
nals, through the centre of 
the figure. 

(c) An oblique prism 
which has 6 faces, all of 
which are parallelograms, 
is called a parallelepiped 

Here, area of surface 
=» sura of areas of its faces. 

Volume 

»area of base x altitude- 
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The case also follows from right prisms, since prisms 
on the same base and between the same parallel planes,, 
have equal volumes. 

{d) The volume of any right prism is 
obtained by ftiultiply^g the area of the 
base by the height. 

Thus, if A be area of the base and /i, 
height, volume = A. h. 

Area of surface 
= perimeter of base x height 
+ 2 area of base. 

The case may be expended 
to the right cylinder, whose 
circular base may be considered as bounded 
by an infinite number of small equal sides. 
The area of base = where r is radius. 

Volume =7rr' A, where h is height of the 
Fig. 77 cylinder. 

Area of surface 27rr* + 2vr. h = 2ifr {r + h) 

The case of a, hollow 
cylinder, follows easily. 

Area of iangular base 

where R and r are radii 

Volume of hollow cylinder 
-7r/i(R» 

(R + r)(R-r). 





Fig. 78 
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(e) The volume of an oblique prism is obtained by 
multiplying- the area of cross-section, perpendicular to 
the edges of the side faces, by the length of the prism- 

Thus if A , be the area 
of the cross-section, /, length, 

volume = A/. 

For, it will be noticed, 
that if we cut the prism 
through the section and 
place the lower portion on 
the top^ of the upper, we 
get a right prism of base A 
and height /. 

The case of an oblique 
cylinder also follows from this. 

Examples. 1. (a) Find the edges of a cube whose 
volume is 3 cubic yards, 10 cubic feet and 1944 cubic 
inches. 

Volume 

= 3 cu. yds. 10 cu. ft. 1944 cu. ins. = 157464 cubic 

inches. 

Edge='^^^157464 — 54 inches = 4 ft. 6 inches. 

(6) What is the volume of a tank of 1 ft. 6 inches 
edges ? 

Edge « 1 ft. 6 inches = 18 inches. 

Volume « 18 X 18 X 18 ^ 5832 cubic inches, 

«3 cubic feet 648 cubic inches. 
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(c) How many sheets of brass, 12 inches x 18 
inches size, will be required to prepare a cubic tank of 1 
cubic yard capacity ? 

Volume is 1 cubic yard. Edg^e is 1 yard **3 feet. 

Area of surface of a face = 9 sq. feet. 

Total area of 6^faces =54 sq. ft. 

Area of each brass sheet = 12" x 18"= 1! sq. ft. 

54 

Number of sheets = jr =** 36 pieces. 


2. A brick measures 9 inches x 41 inches x 3 inches. 
How many cart loads will be required to prepare a 
wall, 90 feet long:, bjr 9 feet high, by 1 foot wide, 
if a cart carries 432 bricks ; plasters, and mortars, etc. 
occupying 10% space ? 


Volume of a brick = 9 x S x 3 cubic inches. 

Volume of bricks in a cart = 9 x f x 3 x 432 x ~cu. ft. 

17zo 


9x9x3 

8 


cubic feet. 


kt L £ 1 . I j 1 o volume of wall 

Number of cart loads*— ^ 

volume ot a cart load 


90x9x1 X 
9 X 9 X 

3. A rectangular solid has the following dimensions t 
Length, 5 feet ; breadth, 4 feet ; width, 3 feet. Find the 
areas of its faces, total surface area, diagonals of each 
face, volume and diagonal of the solid. 

Areas of faces : 5 x 4 — 20 sq. ft, for 2 faces. 

4x3— 12 sq.ft. „ 

5x3-15 sq.ft. 
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Total surface area 2 (20 + 12 + 15) = 94 sq. feet 
Diagonals of faces : sf 5 ® +42 = 1 / 4 X === 6’2 ft. nearly. 

t/ 4“ + 3®- 1/ 25^5 ft 
t/ 5*"+“3^ = /34 = 5 9 ft. nearly. 
Volume = 5x4x3 = 60 cu. ft 
Diagonal of solid = i/'5* + ( 4 ^ +3“-*) 

= V^50 = 7 ft- nearly. 

4. An oblique prism has a rectangular base, 4 inches 
long by 3 inches broad, and a slant height of 5 inches, 
so that the projection of the top, on the plane of the 
base, forms with the base, a rectangle, 8 inches x 3 
inches Find the surface area andr the volume. 

Altitude = ]/y - -» 3 inches. 

Area of a vertical ^ace (parallelogram) 

=■ altitude x base “3x4 
Area of slant face (rectangular) = 5x3- 
Total area = areas of 2 end faces plus areas of 2 
vertical faces plus areas of 2 slant faces 
= 2 X 4 X 3 f 2 X 3 4 I 2 X 5 X 3 
• = 78 sq. inches. 

Volume “ area of base x altitude 
=3x4x3 
= 36 cu. ins. 

5. A wall 28 feet deep and 6 feet diaqcieter has to 
be lined with brick-work, IJ feet thick. Find the cost 
at Rs. 44/- per 100 cubic feet 

Area of section of brick-work = 'jr{3’' - (i)*} 

sq. ft. 
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Volume of brick-work = ^ x ^ x 28 cu. ft. = 594 cu. ft. 
7 4 

Cost = X 44 = Rs. 262 nearly. 

J uu 


EXERCISE 24. 

1 Three cubes of metal, whose edges nre 3, 4 and 5 inches 
respectively, are melted and are formed into a, single cube ; if there 
be no waste in the process, show that ttio edge of the now cube will 
be fi inches. 

2 Find the length .)f the longest rod that can bo placed in a room 
30 feet long, 24 foot broad and 18 feet high. 

3 A box without lid « made f'f wood, one inch thick ; the 
oxt(;ru.al length, breadth and height of the box aro 2 foet 10 incheft, 
2 feet 5 inches, and 1 foot 7 inches res]>o^tivoly ; find wbat volume 
the box will hold, and the iiumbor of cubic inches of wood, 

4. A reservoir is 24 feet 8 inches long by 12 feet 9 inches wide ; 
lind how many cubic feet of water must be drawn olT, to make the 
surface sink 1 foot. 

5. The diagonal of a cube is 30 inches. What is the solid 
content ? 

6. A school room is to be built to accommodate 7(' children, 
so as to allow 8^ sq. feet of floor and llOJ^ cubic feet of spaco for 
each child ; if the room be 34 feet long, what must bo its breadth 
and height ? 

7. Find how many bricks, of which the length, height and 
thickness are 9, and 3 inches will be required to build a wall, of 
which the length,* height and thickness are 72, 8 and li feet. 

8. How many superficial feet of inch plank can bo sawn out 
of a log of timber 20 foet 7 inches long, 1 foot 10 inches wide, 1 foot 
10 inches deep ? 

9. What are the cubic contents of a shaft, the mean section of 
which is a regular hexagon, of 2^ feet sides, and the hoighti 60 feet ? 
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10. The trunk of a tree is a right circular cylinder, 5 feet radius 
and 30 feet high. Find the volume of the timber which remains, 
when the trunk is trimmed just enough to reduce it to a rectangular 
parallelepiped on a square base. 

11. A cubical foot of brass is drawn into a cylindrical wire 1/40 

of an inch in diameter. This wire is just long enough to go round 

a circular field ; find approximately the area of the field in acres. 

< 

12. A well feet inside diameter, is to be sunk 22 feet dee]>, 
with a brick lining of 13^ inches in thickness. Find — 

(a) Excavation of earthwork. 

(b) Quantity of brick-work. 

13. An iron pipe is 3 inches in bore, ^ inch thick, and 20 feet 
long. Find its woiglit, supposing that a cubic inch of iron weighs 
4 52(1 0/.S. 

' 14. A well is to bo dug 5 feet inside diamoter and 36 feet in depth. 
Find the quantity of the earth to be excavated, and the quantity of 
brick- work reijuirod for a lining of 10 inches in thickness. 

10, Find the quantity of masonry in a well 10 feet interior 
diameter, 50 feet deep ; thickness of masonry ring is 18 inches. 
What would be the cost of constructing thcj masonry at the rate of 
Its. 25/- per 100 cubic feet ? 

16. A carriage drive ih to he made round the outside of a cir- 
cular park, whose radius is 586 feet ; the metalling is to bo 30 feet 
wide and 9 iiiohes deep ; What will it cost at lls. 6;.per 100 cubic feet? 

17. The base of a certain prism is a regular hexagon ; every edge 
of the prism measures 1 foot : Find the volume of the prism. 

18. The section of -a canal is 32 feet wido at the top, 14 feet wide 
at the bottom, and 8 feet deep. How many cubic yards were ex- 
cavated in a mile of the canal ? Also, if the surface of water 
bo 26 feet wide, what is the depth ? 


:o: 
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25. (a) A pyramid is a solid whose base is a plane 
rectilinear figure and whose sides are triangles, having 
a common vertex of the pyramid. 

Thus the triangles ABCDO is a pyramid, with ABCD 
as base and the triangles OAB, OBC, OCD, and ODA 
as sides, O being the vertex. It is called a regular 
pyramid when the base is a regular figure. 



The line joining the central point of the base of a 
pyramid to its vertex is the axis of the pyramid. The 
length of the perpendicular from the vertex to the 
base is called the height of the pyramid. Thus OP" is 
the axis and OP the height of the pyramid. 

The slant height of a right regular pyramid is the 
length of the line joining the vertex to the middle point 
of the base. When the axis is perpendicular to the base 
the pyramid is a right pyramid. Otherwise it is oblique. 

The surface area of a pyramid is the sum of the areas 
of the base and of the slant surface (viz. of the sides). 

A pyramid is called triaagular, square, pentagonal, 
hexagonal etc., according to the shape of the base. 

8 
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(b) If the central point of a cube be joined to each 
of the angular points, 6 equal right square pyramids 

Volume of each pyramid 
“ 6- volume of cube. 

k base of cube x height of cube 
*« i base of pyramid x height of 

pyramid. 

Since the volumes of pyramids 
on the same base and between 
the same parallels are equal, the 
same relationship for oblique prisms also holds. 

For example, if each of the 4 corners of the base of a 
cube be joined to ^ny of the corners of the opposite 
parallel face, we get a square pyramid whose volume is 
3 volume of the cube. 

Generally, the volume of any pyramid is one-third 
the product of the base and height of the pyramid. 

A triangular pyramid is called a tetrahedron, A 
regular tetrahedran has equal equilateral triangles for 
its 4 faces. 

(c) The volume of a wedge as shown in fig. 82 
is given as below : 

If 'a' be the length, ‘6’ 
be the breadth of the base, 

*e* the edge and the height 
of the wedge the volume 

will 

(2a + e). 




are formed. 
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id) The case of a pyramid may 
circular cone> whose base may be 
considered as bounded by an infinite 
number of small equal sides. 

If r be the radius of the base and 
A, the height of the vertex?, 
volume 

For a right circular cone, 

surface area * area of base plus 
circumference x i slant height. 


be extended to the 



Volume of a right circular cone is one-third that of a 
cylinder of same base and* height 

A right circular cone is a figure described by the 
revolution of a right-angled triangle of base equal to 
the radius of the base of the cone and height equal to 
the height of the cone. 


Examples. 1. *Find the volume of a pyramid, whose 
square base has 8 ins. sides and whose height is 9 inches. 
If it is a right pyramid, what is the surface area ? 

Area of base = 8“ “64 sq. inches. 

Volume =» 64 X 9 - 192 sq. inches. 

Half base *8/2“ 4 inches. 

Slant height* V^9* +4* * \/^=»9'8 inches nearly. 

Area of each side =» 4 ^ 9*8 x 8 * 39‘2 inches. 

Total surface area « 4 x 39*2 + 64 * 156*8 + 64 
*220*8 inches nearly, ^ 

2, A regular tetrahedran has each edge * 4i/3 inches. 
Find its height, surface area and volume. 
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Let ABCD be the figure. AP, slant height, 

A -2/3 x/3 

— 6 inches. 

OP = 2/3//3 = 2 inches from 
^ triangle OPC. 

OA, height - /AP“ - OP'* 
-/36^ = l/32 
— 5‘7 ins. nearly. 

Pig. 84 

Total surface area- 4 x area of triangle ABC. 

-4x i x4/3x 6 
-48/3-^86*4 sq. inches. 

Volume - area of triangle ABC x height 
= a X 2 X 4/3^ 6 X 5*7-41 cu. ins. nearly. 

3. The edge of a wedge is 11 inches, the length 
of the base is 6 inches and the breadth is 4 inches ; the 
height of the wedge is 4 inches. Find the volume. 

Volume = f 2a + c) ^ = (2 X 6 + 11 ) 

0 o 

— 23 X a 61 1 cu. in. 


4. Find the slant height, surface area and volume 
of a right circular cone, whose height is 8 inches and 
radius of whose base is 3J- inches. 

Slant height - / S'* + (3^)® = 8*73 inches 

nearly. 

Surface area - J x 27r3i x 8*73 r Tf(3l)^ 

-96*03 + 38*48 
= 134*57 sq. inches nearly. 

Volume - |‘»r(3i)‘ x 8 

- 102*6 cu. ins. nearly. 



Pig. 85 
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EXERCISE 26. 

1. Fiml the volume of a ])vi*amid when its base is a rofjular 
hexajifoti, oach side moasuriu^ 6 foot and height, I?0 feet. 

2. A regular hexagonal pyramid has the perimeter of its base 15 

feet and its altitude 15 feet. Find its volume. 

• 

3. A {lyramid on a squar^ base has It equilateral triangles for its 
d other faces, each edge being 20 feet. Find the volume. 

4). Find the volume of a pyramid, formed by cutting off a corner 
of the ciibo, whose edge is 20 feet, by a piano which bisects its three 
conterminous edges. 

5. solid is bounded by 1 equilateral triangles, a side of each 
triangle being 12 inrhes Fhnd the volume. 

6. A pyramid has for its base an equilateral triangle of which 
each aide is 2 feet, and its slant edge is 0 feet. Find its solid 
content. 

7. A pyramid on a square base has 4 equilateral triangles for its 
4 otlicr faces, each side being 30 feet. Find the volume. 

H, Find the volume of the regular triangular pyramid, a side of its 
base being H feet, anrl its alt'tude, 00 feet. 

0. A right-angled triangle, of which the sides are 3 inches and 4 
inches in length, is made to turn round on the longer side ; iind tho 
volume of the cone thus formed. 

10. Find the solidity of a cone, the diameter of whoso base is 3 
feci and its altitude is 30 feet. 

11. A piece of tin having the form of a quadrant of a circle is 
rolled up so as to form a conical vessel ; required its content, when 
the radius of the fiuadraiit is 10 inches. 

12. A conical tent is reiiuirod to accommodate 5 people : each 
person must have 16 sq. feet of space on the ground, and 100 cubic 
feet of air to breathe ; give tho vertical height, slant height, and width 
of the tent. 

13. Find how many gallons are contained in a 'Vessel which is in 
tho form of right circular cone, the radius of the base being 8 feet and 
the slant side, l7 feet. 
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14, A ri^ht-angled triangle, whose remaining angles are 60" and 
30®, revolves about its hypotemiso, which is 12 inches long. Find the 
volume of the solid thus described. 

16. The base of a wedge is a square, a side of which is 15 inches ; 
the edge is 24 inches aud the height is 24 inches ; find the volume. 

16. The edge of a wedge is 9 feot^tlie length of the base is 6 feet 
and the breadth is 3 feet ; the height of the wedge is 2 feet ; find 
the volume. 


26. A sphere is a solid figure described by a 
semicircle about the diameter. 
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If^r be the radius, 
surface area = 
volume = 

Example. Find the weight 
of a spherical metal ball of 4 
ins, radius, if 1 cubic inch 
weighs 2 lbs. What will be 
the cost of guilding it at the 
rate of 3 annas per sq. in. 


Volume « I X n 4^ = 267’84 cu. ins. 

Weight - 2 X 267*84 lbs. - 535 68 lbs. 

Surface area»4ir4® «=28'16 sq. ins- 

Cost of guilding**'28*16 X 3as. =■ Rs. 5. 4as. 6p. nearly. 


EXERCISE 26. 


1. A sphere is 30 inches in diameter; find the area of its surface 
in square inches. 


2. A oiroulaAoom has perpendicular walls, 15 feet high, the dia- 
meter of tlie room being 28 feet , the roof ia a hemispherical dome : 
find the coat of plastering the whole surface at 9d. per square foot. 
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8. What is the surface of a sphere whose diameter is 21 inches ? 

4. Find the volume of a sphere when its surface is (numerically) 
equal to that of a circle, 9 feet in diameter. 

6. A Cathedral has 2 spires and a dome : each of the former 
consists, in the upper part, of a pyramid 60 feet high, standing on a 
square base, of whioh a side is 20 feet. 

The dome is a hemisphere of 40 feet radius. Find the oost of 
covering thcj three, with lead at per square foot. (TT Mi8'1416). 

6. A wrought iron cylindrical boiler, 10 feet long, 4 feet in dia- 
meter, and 8/8 inch thick (inside measurements) is closed by 
liemisphcrical ends. Find the external surface. 

7. A cylinder 12 feet high and 6 feet in diameter is surmounted 
by a cone, also 6 feet in diatijotor and 4 feet high ; find the radius 
of a hemisphere wlioscs entire surfaco is equal to the united curved 
surfaces of the cone and the cylinder. 

* 

8. The price of a ball at Id., tho cubic inch, is as groat as the 
cost of guilding it at 3d. the square inch : what is its diameter ? 

9. A sphere and a cube have the same surface ; show that tho 
volume of the Fphere is 1*38 times that of the cube. (7r = 3‘1410). 

10. A sphere has tho same number of cubic feet in its volume 
as it has square feet in its surfaco ; find the diameter. 



SECTION 7. 

SURVEYING. 

Principles. Chains. Offsets. Field-book. Maps. 

27. (a) Surveying. It consists of 'measuring and 

representing in a map or plan, lengths and boundaries 
and the positions of different objects occuring in a 
certain area of land. The principle of chain surveying, 
(where a chain is used for measurements) known as 
trian^ulatiorif depends on the problem : 

**Three sides of a triangle being given^ to construct 
i1\e triangle'' 

The work, first »in the fields consists of simply 
recording in the field-book, the measurements made 
of the length of straight lines, which form the 
triangles ; 

(1) base lines (bases of triangles) suitably chosen, 
on the land to be surveyed, and 

(2) distances of various objects such as trees, 
buildings, roads, tanks etc., with reference to the base 
lines, i. e., 

(a) their distances (sides of triangles) from 
points on the base, or from the ends of the base. 
[Mainly used for isolated objects at a distance.] 
or (b) their perpendicular distances (off-sets, article 17) 
from the base. [Commonly used.] 

Additional lines called tie or check lines from the 
object to the middle points of the base or points near the 
middle, are also measured, in order to check the corret- 
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ness of the measurements of the triangles. Often, a 
number of lines has to be chosen forming rectilinear 
figures, other than triangles, but resolvable into trianles, 
involving, in fact, an extension of the system of 
triangulation. 

Secondly, from the* records in the field-book, a 
reduced copy of the country or map, showing various 
objects on it, is made to any scale. 

Before the actual commencement of the survey, a 
clear idea of the land should be formed, to enable the 
surveyor to divide it into convenient triangles {triangular 
tion). These triangles * are marked on the ground by 
pegs driven on the angular points, which are called 
stations- In choosing the triangles, the following points 
are considered : 

1. triangles should be as large as possible, 

2. sides of, triangles should, as far as possible, be 

close to the boundary of the land : 

3. triangles should be equilateral, as far as prac- 

ticable. 

The base lines should be so chosen that the triangles, 
as suggested, may be conveniently constructed. 

A rough hand sketch is made at this stage showing 
the various objects on the land, the proposed stations 
and base linfes, their alignments, offsets and other 
lines. 

After the triangulation of the land, measurements 
of the base lines and of the offsets and other lines from 
various objects on both sides of the lines are taken by 
the cAa/n, measuring tape, or offset rod. 
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(6) Chain. They are formed of a number of equal 
parts, called links^ of steel wire, so made for per** 
manancy and convenience in carrying. 

There are three kinds of chains used : 

1. The huadred-feet chain, 
divided into 100 equal links. 
This is used in all engineering 
surveys of roads, buildings, 
bridges, etc., where the unit 
foot is invariably used. 

2. The Gunter’s chain of 
66 feot length, divided into 
100 equal links, each measur- 
ing 7 92 inches. This is used 
in all land surveys, as areas 
are conveniently obtained 
from measurements by it. 

For, 1 acre ==43560 sq. ft. =66x66x10 sq. ft. = 10 sq. 
chains. 

3. The thirty-feet chain divided into 40 equal links, 
each equal to 9 inches, eight links making a katha 
(4 cubits). This is however seldom used now-a-days. 

Brass pieces with notches or points attached to the 
chain, at equal intervals, indicate the position of the 
pieces by the number of notches or points'with reference 
to the ends of the chain, which are made of swivel 
handles, for convenience in pulling it 

The chain is used as follows : 

The line to be measured should be clearly marked 
out ; this is done by placing flags at the endS| and if 
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the line be lon^> a few flasks are also placed between 
the ends, in their line. This operation of placingf flags 
is called ranging the line. 

Two men are required to measure a line ; one man 
goes ahead, Hraging^ the chain. 

He is called the leader. The man 
behind is the follower. He fixes 
one end of the chain and directs 
the leader to go along the line, 
ranged as above. The leader 
carries 10 arrows (steel pins, about 
16 inches long, as sh*own in the 
figure), to start with, and drives 
one end into the ground at the end 
of the stretched chain. The leader 
then pulls the chain to its second stretched position^ 
and drives th^ second arrow and so on, the follower 
picking up the arrows, when he arrives at them after 
the arrow ahead is fixed, until the 10th arrow is picked 
up. These arrows, thus collected, are then handed over 
to the leader and the process goes on, until the whole 
length of the line is measured. 

Great care is taken to preserve the proper direction 
in measuring line with the chain. The leader sees 
carefully that the arrow he fixes, the arrow near the 
follower and the flag at the starting end of the line, 
are in the same straight line, whereas, the follower 
in his turn, sees that his arrow, leader*s arrow and 
the flag at other end of the line, are in the same 
straight line. 
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The measuring tape 



Fig. 89 

of the tape coincidin$f with 
The offset rod is a 


is used to measure small 
lengths. The outer end 
of the tape is held by 
one man at one extremity 
of the length to be measur- 
ed, while the other man 
opens out the tape and 
runs the tape over the 
other extremity of the 
length. The exact point 
he extremity is then read- 
raiglit piece of bamboo or 


Fig. 90 

wood about 1^" diameter and 10 links long and graduated 
to single links, by painting alternate links. One end is 
sharp and mounted in iron for driving the rod into the 
ground. 

It must be noted that as horizontal distances only 
are required, the chain or tape should be held hori- 
zontally, if necessary, in small lengths, when steep 
slopes are measured. This is known as stepping and 
cutting, 

N. B. The chain is liable to the following errors : — 

(1) Error in itself, specially when it is new Also 
all chains are lengthened by use. They should therefore 
be properly tested before use, as follows : 

The chain is stretched on a level ground by two stout 
pins at its extremities. Two measuring staffs or offset 
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rods of correct and known lengths are laid down, end to 
end, along the chain from one pin. The first is removed 
keeping the second in position and placed beyond the 
second. The second is next removed and placed 
beyond the other, and so on, until the whole length of 
the chain is covered . If the measurement by the rods 
differs from that of the chain, it is corrected by taking 
out from, or adding, small rings to the links of the 
chain. 

At present, almost, every town in the Province has 
standards for testing chains and other survey appliances, 
with which they can bejcompared for correction. 

(2) Error in the method of using the chain, if 
the chain is stretched too tight, the^rings will give, the 
arrows incline and the measuted line will be too short. 
On the other hand, if it be not sufficiently tight, the 
measurement will be too long. 

(3) Error in the uncertainty of placing the arrows, 
which must be driven on the ground firmly and verti- 
cally, inside the rings or handles at the ends of the chain, 
as far apart from each other, as practicable. 

(c) Offsets. These have been explained in art. 17 

They are of two kinds : — 

1. Right offsets, which are perpendicular distances 
measured from the chain line to any object, either to the 
right or left of it. 

2. Oblique offsets, which are the distances from an 
object to two points on the chain, representing the two 
sides of a triangle, of which the line between the twa 
points, is the base. 



126 


MENSURATION ANP SURVEYING. 


The offsets are measured with offset rods, chain, 
measuringf tape, etc. 


Cross-staff or the cross is used to find the foot of 
the perpendicular from an object, to the chain line, in 



takins^ rijfht offsets. It con- 
sists of a square piece of wood, 
about 6 inches square, H 
inches thick, having* two 
grooves, about half an inch 


d 


deep, at right angles to each 
other. U is mounted horizon- 
tally on a 5 feet stand, suffi- 


Fig. 91 ciently high for easy use and 

which can be driven, when desired, into the earth. It is 


held over the stretched chain line approximately at the 


point from which the offset is to 
be taken, with one groove directed 
along the line of the chain. The 
instrument, so held, is moved along 
the chain until the object from 
which the offset is to be taken, is 
seen through the other groove. It 
is then fixed on the ground and the 
offset measured. The work with 
this instrument is not, however 
expeditions. Other forms of cross- 
staffs require looking through 
vertical slits, properly placed, 
instead of looking throuh 
grooves. 



Fig. 92 
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The Optical Square or the Right angle is a hollow 
wedge-shapped box, (Fig. 93) of about 2 inches vertical 
sides and 1 1 inch deep, having a handle about 3 inches 
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long fixed below it. The sides AB, AC (Fig. 93) are at 
45 degrees to one another and has small mirrors fixed 
on the inside, the other side BC being open. The ins- 
trument is so held on the base line, by trial, that light 
from any object M of which the offset is to be taken, after 
suffering to reflections on AB and AC, is seen by 
the observer at O, in the direction of the base line 
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OF, after suffering a deviation of 90 degrees. The 
position of a plummet, hanging fiom the instrument, on 
the base line, gives the foot of the perpendicular from 
the object to the base line. 



The offset may 



also be fixed roughly in another 
way, with only a rope, or measur- 
ing tape, by simply holding one 
end, against the object M as 
centre and describing by trial 
a circle to touch the line ; the 
point of contact is the shortest 
distance between the object and 
the chain line, which is the required 
offset. For small lengths this is 
a simple and satisfactory method. 


Fig. 95 
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(d) Field-book. Records of measurement are entered 
in the field-book^ as the work proceeds. The page is 
divided into 3 columns by two verti- 
cal lines. The records of distances 
from the starting -station, of offsets, 
measured on the baseliine, are 
entered in the middle and narrow 
column, from the bottom, while the 
lengths of offsets are entered on the 
right or left columns, according as 
they are situated with respect to 
the base line, against thft corresponding entries in the ^ 
middle column. « 

This is better than the “single line” field-book, where 
measurements of base lines and of offsets, entered 
against a single line, may be confused, specially by the 
beginner. The only objection to the double line field- 
book is that lines, representing roads, drains, hedges, etc., 
which are crossed by the chain line, have to be sketched 
in approximate position in the book and are so shown 
broken by the space in the middle column. 

Objects at some distance from the chain line, such as 
rivers, trees, buildings and so on, are also shown in 
approximate positions. Noting of the stations chosen 
and of directions of chain line from the stations, 
should be very carefully done. 

(e) Map. A map of the land can now be drawn from 
the records in the field-book, to any suitable scale. 
Areas can be found out by the ordinary rules of 
Mensuration. 

9 
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Examples 1. Make a sketch of the field from 
the following notes in a field-book and work out 
its area : — 


C 



300 + 40 0 + 5 00^ 
600 ^ 3 
s - a = 300 ) 

s-6 = 200 } 

s-c = 100 J 



Links 

1 

i 


A 


0 

500 

1 

H20 

320 

1 

G30 

140 

1 


0 

0 


C 

Turn to right 

1 

i 

i 

c* 



400 

0 


i 180 

1 20F 


0 

0 


B 

Go N.E. 

1 

i 

i 

B 


0 

300 

i 

E12 

200 


D 10 

90 



0 

0 

1 

1 

A 

Go N. W. 

1 

j 




Area of triangle ABC 
== v^s(s - (s - b) (s - c) 
= V 6^300x200x100 
= 60000 sq. links. 


SURVEYING. 


131 


Area of A AD. 90 = i(90 x 10) 450 sq, links, to be added. 
„ %. DE. 200. 90-110x11 = 1210 
„ triangle EB. 200 = i (100 x 12) =-600 „ 

„ triangle BFC - ^(400 x 20) -= 4000 links to be subtracted. 
„ „ CG. 140- ^(140 ^ 30) = 2100 to be added. 

fig. G. 140.320. H = 180 X 25 = 4500 „ 

„ triangle H. 320. A= .1(180 x 20) -= 1800,, 

Total area = 60,000 + 10,660 - 40(X) = 66660 sq. links. 

= 6’666 sq. inches. 

2. Lay off a perpeSdicular with the chain or tape,, 
on the chain line from a given point P on it ; also lay out 
angles of 60", 30" and 45". 

(i) Find a point A, 30 ft. from P on the chain 

line. Take 90 ft. of chain or tape and holding the 

ends at A and P, find the point O, on the stretched 
chain which is 50 ft. from A and 40 ft. from P. 

(ii) Alternatively, find two points B and B' on 
the chain line, equidistant from P. Holding the ends 
of a certain length of chain or tape at B and B', find 
the position of the middle point O, of this stretched 
chain. 

OP is the perpendicular to the chain line at P. 

If in (i7), we* make BP=PB' = 25 feet or links and 

take 100 ft. or links for BOB', the angles at B and 
B' are 60" each and angles BOP and B'OP are 30" each. 

In {i), if A' is another point on the chain line 
at 40 ft from P, angles at O and A', of the triangle 
OP A' are each 45". 
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3. The following example will indicate the way., but 
actual practice is necessary in learning the work. 




Sfom Narih- "Rasl 


FIELD BOOK OF A CHAIN SURVEY. 
Fig. 88 
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Fig. 100 
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EXERCISE 27. 

1. Draw the plans and find the areas of the fields from the 
following notes ; lengths arc expressed in links : — 



B. Laydown the field ABODEFQ, 
and find its area from the 
following dimensions. 


6. 

1394 


to Q D 

1 

1 

270 

1112 


1560 

1 

i 

220 

940 

1 

1 864 

20 E 

184 

fiU 

G 690 1 

; BIS 



368 

235 

i from Q P 



160 

62 

toQ a 

i 


38 

42 

1305 



0 

D 6fK) 

363 

1 


G 

■ 

from 0 C 

1 




1 650 




B 362 

1230 




1 

1 

406 ; 

390 G 



Begin at j 

0 A 1 

range East. 
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©A 



1650 

0 


1300 

30 I. 

D 1232 

<1 726 



600 

0 K 


260 

20 H. 


0 

0 a * 

0 

turn to 

the left 

" ©a" 

j 

0 

1430 


F 10 

820 



GOO 

0 


270 

40 £ 


0 

0D 

0 

turn to 

the left , 



East 


Lay down the field from the notes and find the area of the field. 


ro;- 
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EXERCISE 

15. 

Pa^e 58. 

1. 

(a) .5 ; (b) 78 ; (e) 22 nearly ; (d) 41 yds. 2 ft. 


(e) 7 ft. 1 in. j 

(f) 

1 bi^ha 77 cu. 

2 

(a) 7 5 (b) 3-61 ; 

(c) 

24 • (d) 2 ft. 4 ins. 


(e) .3 yds ; 

(f) 

1 bi^ha 8 02 cu. 

3. 

16 ft. 

4. 

12‘62 ft. nearly. 

5. 

637 ft. ; 24.5 ft. 

r». 

12687 ft. ; 12012 ft. 

1 . 

8 ft. 

H. 

10 yds. 

9. 

1 ft 

jO. 

Rs. 112 nearly. 

11. 

6. 

12. 

(>HJt 

13. 

1 mile 1740 yds. 

14. 

4 ft. 

U. 

390 miles nearly. 

16. 

1 ft. 6‘3 ins, nearly. 

17. 

21 ’88 ft. nearly. 

18. 

24*1 ft. 


‘ EXERCISE II!. P»Kii 62 . 


1 . 

1 ■41421. 

2. 

9 899 ins. 

3. 

7 07 ins, nearly. 

4. 

42 4 minutes nearly. 

5. 

4 8 inches. 

6. 

4 472 ins. from centre. 

7. 

2*4 ins 

8. 

0*7 ins. from centre. 

9. 

] 6*8 miles. 

10. 

Rs. 113. 2 as. nearly. 

11. 

4*8 ins. 

12. 

7'o ins. nearly. 


EXERCISE 

17. 

Page 68. 

1. 

1-732. 

2. 

8 inches. 

3. 

4*5 inches. 

4. 

10 inches. 

5. 

300 ft. 

6. 

25 ft. 11*36 inches. 

7. 

Rs. 51. 15 as. 4 p. 

8. 

8 feet. 
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9. 

4-24 yds. 

nearly. 

10. 

2 sq. ft. 

11. 

3, 4 and 

2*4 ins. 

12. 

15 ft. 

13. 

60 ft 


14. 

12 ft 

15. 

24 ft. 


16. 

22 4, 24, 25-86 yds. 

17. 

15 ; 99. 


18. 

60 ft . 


19- 17'84 ins. nearly. 20. (1) l-i4'2yds } i33‘28 yds. 

(2) 500 ft; 82 368 ft. 

21. 69-71 ft. 22. 20-0016. 

23. (1) 37-5 ft., 36 ft. (2) 2 ft. 1 in., 1 ft. 113 inches. 

(3) .50 ft, 48 ft 

24. (1) 2-.58 or 18 58. (-2) 52-91 ft. (3) 22-36 ft 

f 

EXERCISE 18. Page 74. 


1. 

H ft 


2. 10 ft. and 12 ft. 


3. 

•25 ft. 


4. 94,'V ft- 



5. 

150 ft 


6. 6 inches. 



7. 

4Ji- inches. 


8. 5*19 inches and 3 inches. 

9. 

13-856 inches. 


10. 48 '28 inches. 



EXERCISE 19. Page 80. 


1. 

(1) f- inches. 

(2) 

10410 inches. 

(y) 

12*5 ins. 


(4) 817 ins. 

(5) 

7-74 ins. 

(6) 

3*87 ins. 


(7) 12 ins. 

(8) 

9 ins. 

(9) 

9 ins. 


(10) 12 ins. 

(11) 

11 J ins. 

(12) 

20 ins. 


(13) 16|-ins. 

(14) 

5*29 ins 



o 

(1) 11 ‘3 12 inches. 

(2) 8 ins. 

(3) 

12 ins. 


(4) 18’32 ins. 


(5) 17*82 ins. 

(6) 

10*72 ins. 

3. 

(1) 2'227 ins. 

(2) 

8 ins. nearly. 

(3) 

8*909 ins. 


(4; 29*908 ins. 

(5) 

10*3409 iub. 

(6) 

13*081 ins 


(7) 9 227 ins. 

(8) 

43*818 ins. 
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4. 

(la) 2 ins. 

(lb) 8-88 ins. 


(2a) 1*5 ins. 

(2b) 6'28 ins. 


(8a) 1 in. 

(8b) 4*19 ins. 


(4a) 2 '5 ins. 

(4b) 10*47 ins. 


(5a) 8 ins.^ 

(5b) 12*57 ins. 


(6a) 4 ins. • 

(6b) 16*76 ins. 


(7a) 1*2 ins. 

(7b) 5*028 ins. 


(8a) 3*38 ins. 

(8b) 18-9() ins. 

5. 

8 yds. 1 ft. 1*6 ins. nearly. 

6. 

105 yds. 7. 

14 ft. 8. (560 ft. 

9. 

7"002 yds. 10. 

12-6 or 71-4 ins. nearly. 

11. 

33-8 ft. 12.. 

l()-lt! ft. ; 7-8102 ft. 

1.8. 

50-7 ft. 14. 

8-74 ft. 15. 5-74 ft. 

16. 

10 ins. 17. 

102 ft. ' 18. 8-484 ft 

19. 

14-68 ins. 20. 

5082 ins. 


EXERCISE 20 Pa<(e 8.5. 

1. 

(a) 7 sq. }M«. 

(b) 1 1 sq yds. 


(c) 720 sq. yds. 

(d) 5868 sq. yds. nearl} , 

2. 

(a) sq. bighas. 

(b) 2’0(> acres. 


(c) 

(d) 640 acres. 

3. 

Rs. 384;- 

4. Rs. 72. 14as. 4*8p. 

5. 

Rs. 46933 nearl}'. - 

6. Rs. 891. Sas. 

7. 

Rs. 360/- 

8. Rs. 162/- 

9. 

Rs. 5. 10%. 

10. Rs. 1 125 nearly. 

11- 

10833 sq. yds. 

12. 9. 18. 18 J ft 

14. 

31 ft. x2l ft. xl3 ft. 

height. 


EXERCISE 21. Page 89. 

1. 

24 sq. ft. 

2, 3456 ; 60. 

3. 

627-39 sq ft. 

4. 8 ft. 
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5. 346-427712 ^ 20-0016. 

G. 2 ft I in. j 2 sq. ft 48 sq. ins. 


7. 

1 5 ft. 

9. 

22-7 ins. 

11. 

84 sq. ft. 

13. 

317 ft. nearly. 

15 

0*537 acres. 

17. 

4*2 yds. 

19. 

709 ft nearly. 

21. 

240 yds. 

23. 

15 ; 99. 

25. 

216, 

27, 

540 sq. ins 

29. 

52330-3 


EXERCISE 

1. 

132 ft 

3. 

4840 yds. 

5. 

12727*27 sq yds. 

7. 

236 sq. yds. S2f sq. ins. 

9. 

36 sq- ft ; 103^^ sq- ft. 

11. 

33 in. ; 198 sq. ins. 

13. 

IGO^V sq. ft. 

1 5. 

70 sq. ft 

17. 

8 3 sq- ft. nearly. 

19. 

28*4 nearly. 

21. 

.35 sq. ft nearly. 

23. 

208*6 ; 100-6 nearly. 

25. 

38 '5 nearly. 

27. 

117 f sq. ft 


8."^ 28 ft 
10. 60 ft 

12. £12*188. 

It llO^rSq. yds. 

16. 6*928. 

18. £4 per acre. 

20. £1218. 19s. 3^d. 

22. ins. 

24. 17*632 acres. 

26. 560 sq. ft 

28. 720 sq. yds. 

30. 1229-8... . sq. ft 

2. Page 95. 

2. 39-242 yds. 

4. 10 ft. 

6. £19. Os. 3?d. 

8. 21*46 sq. ins. 

10. 15-093 ins 

12. 314*16 sq. ft 

14. 908 ; 30520 nearly. 

16. 400 sq. ft 

18. 21 41*2' sq. ins. nearly 

20. 218*8 sq. inb*. nearly. 

22. 27*5 sq. ins. nearly. 

24. 0*06 sq. ins. 

26. 119-318 sq. ft 

28. 4549*92 sq. ft 
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29. 

3120 sq. chains. 

30. 

48*989 ; 844-94. 

31. 

519 61 sq. ft. 

32. 

125*05. 

33. 

9 ins. ; 22^ ins. 

34. 

0*928 ins. 

35. 

1 7,084‘8 sq. ft. nearly. 

36. 

298 ft. 

37. 

1732 ft. 

38. 

200^1 ft. 


EXERCISE 

23. 

Page 102. 

]. 

259-807 sq. ft. 

2. 

12 acres 11 poles. 

3. 

23636 sq. ft. nearly. 

4. 

293*89 sq. ins. 

5. 

4 : 3/3 : 6. 

6. 

8*25 yds. nearly. 

7. 

1931-3 sq. ft. 

8 . 

1 *41 4 ft. 

9. 

sq. ft. 

10. 

4*682 ft 

11. 

2-1875 acres, 500 links. 

12 . 

1002 sq. ft. 

13. 

950 sq. yds. 14. 16 

2463-9375. 19. 3168 sq 

20. 

924-6 sq. ft. 

21. 

3900 sq. ft. 

22. 

50/3 ; 60/3 j 80v^3. 

23. 

44 - 5 / 7 . ..ins. 

24. 

25. 4 : 9. 

yf'6 

26. 

7 - 46 . ..acres ; 269-4 ; 

27. 

1 furlong = 1 in. 

28. 

117 ; 156 ; 19.5 ft. 


EXERCISE 24. Page 111. 


2. 

42-4 ft. nearly. 



8. 

9 eu. ft ; 3182 cu. ins. 

4. 314*5 cu. ft 

5. 

5196-15 cu ins. 0. 17 

'5 ft, broad 18 ft. higli. 

7. 

12288. 8. 830-2 sq. ft. nearly. 9. 

974-278 cu. ft. 

10, 

1500 Cj^'ft. 

11. 

157,023 acres. 

12. 

1643”cn. ft. nearly ; 671 cu. 

ft, nearly. 


13. 

373-4 lbs. nearly. 14. 

12571 cu. 

ft. j 650 cu. ft. 

15. 

271 Of cu. ft., Rs. 677. 11 as 

. nearly. 


16. 

Rs, 5091. 7 as. nearly. 

17. 

2-698 cu. ft. 

18. 

35,982f cu. yds. ; 5J ft. 
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EXERCISE 25. Page 116. 


1. 

935*3 en. ft. nearly. 

2 

81*2 cu. ft. nearly. 


18S5T) cn. ft. nearly. 

4. 

166,?- cu. ft. 

5. 

20 3 *6 cn. ins. nearly. 

6. 

3*399 cu. ft. 

7. 

03()3*90 eu. ft. 

8. 

311‘*7 cu. ft. nearly, 

9. 

37 cn. ins. 

10. 

7 Of cu. ft. 

11. 

63*39 eu. ins. 



12. 

lH-7r)ft. ; 19--lffc. ; 10*09 ft. 


1J3. 

62S5 gallons nearly. 

14. 

339*37 eu. ins. 

15. 

3240 cn. in«. 

16. 

21 cn. ft. 


EXERCISE 26. 

Paofe ns. 

1. 

4071*5 s(j. ins, nearl3\ 

0 

<£19. 14s. 


1386 s(j. ins. 

4. 

48 cn. ft. nearl} 

5. 

r£466. 4s. nearly. 

6. 

128-47 sq. ft. 

7. 

5*385 ft. 

s. 

18 ins. 

10. 

6 ft. 




EXERCISE 27. 

Pag 

e 135. 

1. 

0*798 acre. 

2 

*07 1 7 acre. 


1*1445 acre. 

4. 

1511 sq. links. 

5. 

3*61133 acres. 

G. 

16*2443 acres. 

7. 

10*699 acres. 
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